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(g) Piperidine derivatives and their use as antiarrhythmic agents. 

A piperidine derivative of general fomnula (I) or a phannaceutically acceptable salt thereof : 
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■(CH2}„ H 




(1) 



wherein 



CNJ 
< 



CO 



LU 




is any of several specified aromatic-containing groups ; X Is selected from one of several hetero 
atom-containing groups or O2 alkylene or a cya no-containing group ; and 

Q is phenyl, cyclohexyl. piperidinyl. tetrahydropyranyt. pyridyl, pynrolyl. N-methylpy prolyl, thienyi, furyl, 
1-hexyl, or cyano ; 

from 1 to 3 hydrogen atoms in Q may be independently substituted by alkyi of from 1 to 3 carbon atoms, 
perfluoroalkyl of from 1 to 3 carbon atoms, acylamino of from 1 to 6 carbon atoms, perfluoroacyl amino 
of from 1 to 3 carbon atoms, alkoxy of from 1 to 3 carbon atoms, alkanesulfonyl amino of from 1 to 3 
carbon atoms, perfluoroalkanesulfonylamino of from 1 to 3 carbon atoms, acetoxy of from 1 to 3 carbon 
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atoms, aminocarbonyl, aminosulfonyi, fluoro, chloro. cyano. hydroxy, nitro, amino, imidazolylmethyi. 
dnnamoylamin 3. p-fluorobenzoyl, cyanomethyl, cyanoethyl. methoxyacetoxy, alkoxycarbonyl of from 1 
to 3 carbon atoms ; 
1 is an integer of from 0 to 1 ; . 
m is an integer of from 0 to 1 ; 
n is an integer of from 0 to 6. 
The derivatives are useful as antiarrhythmic agents. 
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Field of the Invention 

The present invention relates to novel antiarrhythnDic agents, more particularly to novel piperidine deriva- 
tives and their use in the treatment of arrhythmia. 

Background of the Invention 

Arrhythmia is the disfunction of cardiac normal conduction, which is a life-threatening disease, because it 
disturbs the rhythmic beating of the heart, worsening hemodynamics. Therefore, therapy for cardiac arrhythmia 
is clinically essential. 

Antiarrhythmic drugs have been grouped together according to the pattern of mechanism: Na channel 
blocker. Beta blocker. Ca channel blocker and drugs which prolong Repolarization. Drug therapy of cardiac 
arrhythmias is not established, because many drugs have severe adverse effects, such as undesirable 
hemodynamic effects, hypotension, gastrointestinal symptoms, effects on the central nervous system and 
arrhythmogenic effects. Also, at higher plasma concentrations of drug, cardiac toxicity may become severe, 
so the monitoring of plasma concentration is essential for drug therapy. 

It is therefore required to develop new antiarrhythmic drugs having excellent pharmaceutical effects and 
safety which can be industrially prepared at low cost in a simple manner. 

Disclosure of the Invention 

It has now been found that certain piperidine derivatives have antiarrhythmic activity, which derivatives are 
represented by the following general fomula (1): 
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wherein Ri and R2 are the same or different and are independently selected from hydrogen, methyl, ethyl, 
or propyl; is hydrogen, alkyl of from 1 to 12 carbon atoms, or aryl of from 6 to 12 carbon atoms; 
Q is phenyl, cyclohexyl, piperidinyl, tetrahydropyranyl, pyridyl. pyrrolyl. N- methyl pyrrol yl, thienyl. furyl, 1-hexyl. 
or cyano; 

5 from 1 to 3 hydrogen atoms in Q may be Independently substituted by alkyl of from 1 to 3 carbon atoms, 
perfluoroalky! of from 1 to 3 carbon atoms, acylamino of from 1 to 6 carbon atoms, perfluoroacylamino of from 
1 to 3 carbon atoms, alkoxy of from 1 to 3 carbon atoms, alkanesulfonylamino of from 1 to 3. carbon atoms, 
perfluoroalkanesulfonylamino of from 1 to 3 carbon atoms, acetoxy of from 1 to 3 carbon atoms, aminocarbonyl. 
aminosulfonyl, fluoro, chloro, cyano, hydroxy, nitro, amino, imidazolylmethyl, cinnamoylamino, p-fluoro benzoyl, 

10 cyanomethyl. cyanoethyl, methoxyacetoxy, alkoxycarbonyl of from 1 to 3 carbon atoms; 
1 is an integer of from 0 to 1; 
m is an integer of from 0 to 1 ; 
n is an integer of from 0 to 6, 

These compounds may be in their free base form or in the fomri of a pharmaceuticaliy acceptable salt 

75 thereof. 

A compound of the above formula can be prepared by the following procedure: 
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The pharmaceuticaliy acceptable salts of the piperidine derivatives of this invention are acid addition salts 
formed from the compound and an organic or inorganic acid well known In the art as providing a phamriaceutical 
addition salt, such as a hydrochloride, sulfate, citrate, tartarate. mesylate, maleate, fumarate. or the like. 
50 These salts are readily prepared by mixing a solution of equimolar amounts of the free base form of the 

compound and desired acid in a suitable solvent such as water, alcohol, or ether, followed by recovery of the 
product by collecting the precipitated salt or by evaporation of the solvent. 

When used as antiarrhythmic drugs, the piperidine derivatives of the present Invention may be administered 
by an oral or parenteral route, which may be determined depending upon age, body weight, condition of the 
55 patient. A daily dose may generally be from about 0.001 about 2000 mg/patient or animal for oral administration; 
in the case of patenteral administration, a dally dose may generally be from about 0.001 to about 1000 mg/pa- 
tient or animal. 

The piperidine derivatives of the present invention may be formulated Into conventional preparation forms, for 
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example, tablets, powders, capsules, solutions, sugar-coated tablets or depots, which may be prepared in a 
conventional manner using conventional techniques. For example, tablets can be obtained by mixing a piperi- 
dine derivative of the present invention with known auxiliary substances, for example, inactive diluents (e.g. 
lactose, calcium carbonate or calcium phosphate), binders (e.g. gumarabic, corn starch or gelatin), sweeteners 

5 (e.g. sucrose or saccharine), flavours (e.g. peppermint, Gaultheria adenothrix oil or cherry), lubricating and wet- 
ting agents (e.g. magnesium stearate. talc or carboxymethyl cellulose). 

The present invention further provides a novel antiarrhythmic agent which is a composition comprising a 
pharmaceutically effective amount of a piperidine derivative as defined above. 

The pharmaceutical composition of the present invention Is advantageous as an antiarrhythmic drug for 

10 treating mammals including humans. This can be administered perorally in the form of tablet, capsule or elixir, 
or parenterally in the form of a sterile solution or suspension, for the purpose of reducing or eliminating 
arrhythmia. The phannaceutical composition of the present invention can be administered to patients or animals 
which are to be treated generally several times each in a unit dosage of from about 0.001 to about 500 mg/pa- 
tient or animal, and accordingly the total dosage of the derivative may be from about 0.001 to about 2000 mg- 

15 /patient or animal/day. Of course, the amount of the dosage may be varied in accordance with the condition of 
the disease, the weight of the patient or animal and other factors which are considered appropriate by one skilled 
in the art. 

The above-mentioned typical combinations may be formulated as a pharmaceutical composition in a con- 
ventional manner. For example, from about 0.2 to about 500 mg of the derivative of the present invention or a 
20 pharmaceutically acceptable salt thereof or a mixture thereof is blended together with a pharmaceutically 
acceptable vehicle, carrier, extender, binder, antiseptic, stabilizer, flavour and the like, in an amount as required 
for conventional pharmaceutical preparations. 

Examples of pharmaceutical additives to be used for the preparation of tablets, capsules and the like are: 
binders such as tragacanth, gum arabic, corn starch or gelatin; vehicles such as fine crystalline cellulose; exten- 
ds ders such as corn starch, pre-gelatinised starch or alginic acid; sweeteners such as sucrose, lactose or sac- 
charin; flavours such as peppermint, an oil from Gaulthenia adenothrix Maxim or cherry. When the preparation 
is In the form of a capsule, this may further contain a liquid carrier such as a fat and oil. in addition to the above 
mentioned materials. Other various materials can further be employed so as to form coated pills or to vary the 
physical form of the preparation by a different method. For example, tablets can be coated with shellac, sugar 
30 or t>oth. A syrup or elixir can contain the active compound together with sucrose as a sweetener, methyl- or 
propyi-paraben as an antiseptic, a dye, and cherry or orange essence as a flavour. 

A sterile composition for injection can be prepared in a conventional manner, for example, by dissolving 
or suspending the active substance in a vehicle such as distilled water for injection, together with a natural 
vegetable oil such as sesame oil. coconut oil. peanut oil, cottonseed oil, or a synthetic fat vehicle such as ethyl 
35 oleate. If desired, a buffer, an antiseptic, an antioxidant or the like can be incorporated into the composition. 
The present invention will be further illustrated by reference to the following examples. 

PREPARATION OF COMPOUNDS 

40 Retention factor (Rf) was detemnined by silica gel thin layer chromatography (TLC:Merck Art 5715). Unless 
otherwise noted, mass spectroscopy was determined on JEOL-DX 300 by FD mode; NMR spectra were 
obtain in CDCI3 with tetramelhylsilane as internal standard on a Varian VXR-300 spectrometer. 
"Intermediate (1)" represents 4-(5H-dlbenzo[a. d]cyclohepten-5-ylidene)piperidine. 

45 compound 1 

4-(5H-Diben2o[a.d]cyclohepten-5-yIidene)-1-[4-(N-imida2olylmethyl)cinnamyl]piperidine 
To a solution of 4-(N-imidazolylmethyl)clnnamic alcohol (4.5mmol) in CHCI3,thionyl chloride (5.4mmol) was 
added, and stirred for 2h at room temperature. After a usual procedure, the product was used without further 
50 purification. 

The product obtained according to above-mentioned procedure was dissolved in methyl isobutyl ketone, and 
then intermediate (1) (4. Ommol), potassium carbonate(8.75mmoI)and Nal(8.75mmol) were added to the solu- 
tion,stlrred at 90 ^'C for overnight . The mixture was washed with water, extracted with CH2CI2, washed with 1 
M HCI. saturated aqueous solution of NaHC03, and then brine, dried over MgS04. The solvent was evaporated 
55 at reduced pressure, the resulting mixture was purified by column chromatography (Si02). 
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MS 469(M+) 
NMR 

2.2-2.4(4H,m) 2.5-2.6(2H,m) 

2.8-2.9(2H,m) 3.28(2H,d) 

5.07(2H,s) 6.38(lH,dt) 

6.52(1 H,d) 6.95(2H.s) 
7.0-7.6(15H.m) 



TO 

compound 2 



1-[4-[4-(5H-Dibenzo[a,d]cyc!ohepten-5-ylidene)-1-piperidinyl]butanoyl]-4-hydroxypiperid 

« TLC(CHCi3: MeOH=9:l) Rf=0.58 

MS 442(M+) 
NMR 

1.4-1.6(2H,m) 1. 8-2.0(4 H,m) 



20 



25 



2.1-2.2(4H.m) 2.3-2.4(4H,m) 

2.5-2.6(2H,m) 2.89(lH,m) 

3.19(lH,m) 3.7-3.8(2H,m) 

3.9-4.0(2H,m) 4.0-4.2(2H,m) 

6.9I(2H,s) 7.1-7.4(8H,m) 



compound 3 



30 4-[4-Diben2o[b,e]thiepin-1 1 (6H)-ylidene]-1 -piperidinyl]-1 -cyclohexyl butane 

According to the practically same procedure described in preparation of compound 1,4-bromo-1-cyclohexyl- 
- butane and 4-dlbenzo[b,e]thiepine-1 1 (6H)-ylidenepiperidine were used. 

35 TLC(CHC13:MeOH=9:l) Rf=0.74 

MS 431(M+) 
NMR 

0.8-1.0(2H,m) l.l-1.4(10H,m) 



40 



45 



L4-1.6(lH,m) 1.6-1.8(6H,m) 

2.1-2.4(4H,m) 2.51(2H,t) 

2.6-2.8(4H,m) 3.39(1 H,d) 
4.99(lH,s) 6.9-7. l(4H.m) 

7.2.7.4(4H,m) 



compound 4 

4-(5H-Dibenzo[a,d]cycIohepten-5-ylidene)-1-(4-nitrocinnamyi)piperidine 
50 After the stepwise addition of 4-Nitrocinnamyl alcohol(5.58mmol) to a ice-cooled solution of SOCI2(10g), 

the mixture was stirred for a few minites. The residue obtained by general procedure was condensed with inter- 
mediate(1) (6.59mmol) in the presence of potassium carbonate. 
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Yield 2.02mmol(36.2%) 

MS 434(M+) 

NMR 

2.16-2.24(4H,m) 2.31-2.42(2H.m) 

2.60-2.68(2H,m) 3.18(2H,d) 

6.46(lH.dt) 6.55(lH,d) 

6.92(2H,s) 7.18-7.36(8H^) 

7.42-7.48(2H,m) 8.17-8.20(2H,m) 



compound 5 

15 1-(4-Aminocinnamyl)-4-{5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine 4-(5H-Dibenzo[a,d] cycloheplen-5- 
ylidene)-1-(4-nitrocinnamyl)piperidine(connpound 4) was reduced by zinc in acetic acid at room temperature 
for4h. 

Yield 84.5% 

2" MS 404(M+) 

NMR 

2.20-2.42(6H,m) 2.60-3.32(4H,m) 
3.40(2H,d) 6.11(lH,dt) 
6.43(1 H,d) 6.59-6.64(2H,s) 
6.91(2H,s) 7.I4-7.36(10H,m) 



compound 6 

1-(4-Acetylaminocinnamyl)-4-(5H-dlbenzo[a,d]cydchepten-5-ylidene)piperidine 

1-(4-Aminocinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidlne(compound 5) was N-acetylated by 
acetic anhydride using triethyl amine as base. 



446(M+) 



35 Yield 92.3% 

MS 
NMR 

4 7nnHK\ 2.20-2.55(6H,m) 
^I? S'S^^ 6.20(lH.dt) 

7.I5-7.36(10H,m) 7.42-7.56(2H,m) 

45 compound 7 

3-[4-(5H-Dibenzo[a,d]cyclGhepten-5-ylidene)-1-piperidinyl]-1-(4-nitrophenyl)propane 
a) 1-Bromo-3-(4-nitrophenyl)propane 

1 -Bromo-3-phenylpropane(1 9.7mmol) was added slowly to a solution of sulfuric acid(7.4g) and nitric 
50 acid(5.4g) at ambient temperature and stirred at 60 ''C. The residue ( mixture of ortho and para ) was puri- 

fied by column chromatography on silica gel. 

Yield 63.7%' 
NMR 

2.20(2H,quint.) 2.92(2H,t) 

3.40(2H,t) 7.35(2H.d) 

8.16C2H,d) ^ 
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b) compound 7 

This was prepared from 1-Bromo-3-(4-nitrophenyl)propane and intermediate(l). 

Yield 94.6% 

MS 436(M+) 
^^MR 

1.84(2H,m) 2.15(4H,m) 
2.30(4H,m) 2.59(2H,m) 
2.70(2H,t) 6.90(2H,s) 
7.2-7.4(10H,m) 8.10(2H,d) 

Compound 8 

1-(4-AminophenyI)-3-[4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]propane 

3-[4-(5H-Dibennzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]-1-{4-nitrophenyl)propane(compou 7) was 
reduced by zinc. . 

Yield 97.3% " ' 

MS 406(M+) 
NMR 

l.70(2H,m) 2.0-2.6(1 2H,m) 

3.48(2H,br) 6.55(2H,d) 

6.85(2H,s) 6.92(2H,d) 
7.20(4H,m) 7.25(4H,m) 

Compound 9 

1-(4-Acetylaminophenyi)-3-[4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-l-piperidinyl]propane 
35 This was prepared from 1-(4-Aminophenyl)-3-[4-(5H-dibenzo[a,d]cyclohepten-5-y!idene)-1-piperidinyl]pro- 

pane(compound 8) and acetic anhydride. 

Yield 92.9% 

« MS 48(M+) 

NMR 

1.6-1.8(4H,m) 2.15(3H,s) 

2.0-2.2(2H,m) 2.2-2.4(4H.m) 

45 2.55(4H,m) 7.I-7.4(12H,m) 

compound 10 

50 N-[3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]propanoyl-3,4-dimethoxyanilide 
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MS(FAB,Wz) 481(M+) 
NMR 

2.25-2.36 (4H,m) 2.40-2.46 (2H,m) 

2.52 (2H,t) 2.70 (2H,t) 

2.68-2.80 (2H4T1) 3.85 (3H,s) 

3.88 (3H,s) 6.79 (2H,s) 

6.93 (2H,s) 7.18-7.35 (8H,m) 
7.52 (lH,s) 

compound 1 1 

4-[4-[4-(5H-Dibenzo(a,d]cyclohepten-5-ylidene)-1-piperidinyll-1-butyl] tetrahydropyran 

MS 413(M+) 
NMR 

l.l-1.6(10H,m) 1.7-1.8(lH,m) 

2.1-2.4(8H,m) 2.5-2.6(2H.m) 

3.35(2H,t) 3.93(2H,d) 

6.90(2H,s) 7.2-7.4(8H,m) 

25 compound 12 

1-(N-Acetyl-4-piperidinyl)-3-(4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)^ propane 
a) 3-(4-Piperidinyl)-1-propanol 

1-(4-Pyridyl)-1-propine-3-ol was hydrogenated with rhodium on alumina as catalyst. 
30 b) 1-Acetoxy-3-{N-acetyl-4-piperidinyl)propane 

This was prepared from 3-(4-Piperidinyl)-1-propanol and acetic anhydride. 

NMR 

l,0.1.8(9H,m) 2.04(3H.s) 

2.07(3H,s) -2.51 IHt) 

3- 00(lH,t) 3,78(lH,brd) 

4- 04(2H,t) 4.58(lH,brd) 



20 



35 



40 



45 



50 



c) 3-(N-Acetyl-4-piperidinyl)propanol 

1-Acetoxy-3-(N-acetyl-4-piperidinyl)propane was saponificated by potassium carbonate. 

NMR 

1 .0-L2(2H,m) i .2-L4(2H,m) 

L4-1.8(6H,m) 2.08(3H,s) 

2.53(lH,dt) 3.02(lH,dt) 

3-64(2H,t) 3.79(lH,brd) 
4,58(lH,brd) V , ; 

d) 1-(N-Acetyl-4-piperidinyl)-3-bromopropane 

3-(N-Acety1-4-piperidinyl)propanol was brominated with phosphorus tribromide. 



55 
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10 



NMR 

1.0-1.2(2H,m) 

1.50(lH,m) 

1.78(2H,quint) 

2.53(lH,dt) 

3.40(2H,t) 

4.59(lH,br d) 

e) compound 12 



1.40(2H,t) 

1.74(2H.br.t) 

2.08(3H,s) 
3.02(1 H,dt) 

3.80(lH,br d) 



15 



20 



25 



30 



compound 13 



Yield 77.8% 

MS 

NMR 

1.0-1.2(2H,m) 

1.4-1.6(3H,m) 

2.05(3H,s) 

2.96(lH,dt) 

4.55(lH,br d) 

7.2-7.4(8H,m) 



440(M+) 

1.22(2H,m) 
1.68(2H,m) 
2.1 -2.6(1 lH,m) 
3.74(1 H,br d) 
6.90(2H,s) 



5-Acetylamino-2-[4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]methylindan 

460(M+) 
2.3-2.5(1 H,m) 



MS 
NMR 

2.0-2.3(7H,m) 



35 



2.5-2.8(6H,m) 
6.92(2H,s) 



2.9-3. l(2H.m) 
7.0-7. 5( 11 H,m) 



40 



45 



50 



55 



compound 14 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(2.4-dimethoxycinnamyl)piperidine 

a) 4-(5H-Diben2o[a,d]cyclohepten-5-ylidene)-1-(2,4-dimethoxycinnamoyl)piperidine 

2,4-Dimethoxycinnamic actd(IO.Ommol) and intennediate(l) was condencedby N-ethyI-N'-(3- 
dimethylaminopropyl)carbodiimide hydrochloride. 

b) compound 14 

4-(5H-Diben2o[a,d]cyclohepten-5-y!idene)-1-(2,4-dimethoxycinnamoyl)piperidine was reduced with 
lithium almlnlum hydride. 



Yield 12.3% 

MS 

NMR 

2.13-2.23(4H,m) 

2.62(2H,m) 

3.78(6H,s) 

6.42(2H,m) 

6.91(2H,s) 



449(M+) 

2.30-2.50(2H,m) 

3.13(2H,d) 

6.15(lH,tt) 

6.68(lH,dJ=15.9Hz) 

7.18-7.35(9H^) 
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compound 15 

1-(4-Cyanocinnamyl)-4-(5H-dibenzo[a,dlcyclohepten-5-ylidene)pipericline 

a) 4-CyanocinnamylalcohoI ^ 

A Heck reaction of 4-bromoben2onitrile and acrylic acid gave 4-cyanocinnannicac(d. The acid was reduced 
to the corresponding alcohol with ethyl chloroformate and then sodium borohydride. 

Yield 78.6% 
NMR 

4.38(2H.dd) 6.49(lH,m) 
6.65(1 H,d) 7.44(2H,d) 
7.40(2H,d) 

15 

b) compound 15 

MS 414(M+) 
NMR 

2.12-2.22(4H,m) 2.30-2.42(2H,ni) 

2.52(2H,m) 3.15(2H,d) 

6.42(2H,m) 6.92(2H,s) 

7.1 8.7.35(8H,m) 7.40(2H,d) 
7.58(2H,d) 



20 



25 



compound 16 

30 1-Cyclohexy1-4-[4-(10,11-dihydroxy-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]butane 

A osmium tetraoxide(0.4mmol) in acetone was added to the 50% aqueous solution of acetone dissolved in 1- 
Cyclohexyl-4-[4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl)butane (4.8mmol) and N-methylmor- 
pholine-N-oxide (7.2mmol). The mixture was stirred for over night at ambient temperature. 

35 MS 445(M+) 

0.7-1. 4(11 H,m) 1.4-1.8(8H,m) 

2.6- 3.0(8H,m) 3.05(lH,bs) 
3.26(lH,bs) 5.21(2H.s) 

^ 7.0-7.6(4H,m) 

compound 17 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylldene)-1-(4-propanoylaminocinnamyl)piperidine1-(4-Aminocinnamyl)-4-( 
45 5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine(composed 5) was N-acylated. 

Yield 43.9% 

MS 460(M+) 

50 NMR 

1.22(3H,t) 2.2-2.6(8H,m) 

2.7- 2.9(2H,m) 3.23(2H,d) 
4.79(lH,bs) 6.1 -6.3(1 H,m) 

„ 6.43(1 H,dd) 6.93(2H,s) 

7.1-7.55(12H,m) 
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compound 18 

4-(5H-Dibenzo[a,d]cyclohepten-5-yndene)-1-(4-ethoxycarbonylamtnocinnamy1)piperidine 

This compound was prepared from 1-<4-Aminocinnamy1)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)ptperi- 

dine(compound 5) and ethyl chloroform ate. 



10 



15 



Yield 56.7% 

MS 

NMR 

1.30(3H,t) 

3.26(2H.dd) 

6.1-6.3(lH,m) 

6.67(1 H.bs) 

7.1-7.4(l2H,m) 



476(M+) 

2.2-2.9(8H,m) 
4.22(2H,q) 
6.46(lH,d) 

6.93(2H.s) 



20 



25 



30 



compound 19 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(4-methanesulfonylaminocinnamyl)piperidine 

This compound was prepared from 1-(4-Aminocinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperi- 

dine(compound 5) and methanesulfonyl chloride. 



Yield 67.0% 

MS 

NMR 

2.1- 2.5C6H,m) 
3.17(2H,d) 

6.2- 6.4(lH,m) 
6.93(2H,s) 



482(M+) 

2.5-2.7(2H,m) 
3.39(3H,s) 
6.49(lH,d) 
7.1 -7.5(1 2H,m) 



35 compound 20 

4-(5H-Dlbenzo [a,d]cyclohepten-5-ylldene)-1-(3-methoxycarbonylcinnamyl)piperidine 
According to the practical same procedure of compound 16 .this compound was obtained. 



40 



45 



SO 



MS 
NMR 

2.16-2.26(4H,m) 

2.52(2H,m) 

3.91(3H,s) 

6.52(1 H,d) 
7.18-7.35(9H,m) 

7.88(lH,d) 



447(M+) 

2.30-2.44(2H,m) 

3.14(2H,d) 

6.38(lH,m) 

6.92(2H,s) 
7.52(lH,d) 
8.01(lH,s) 



compound 21 



55 



4-(5H-Dibenzo(a.d]cyclohepten-5-ylidene)-1'-(4-methoxycarbonylaminocinnamyl)piperidine 

This compound was prepared from 1-(4-Aminocinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperi- 
dine(compound 5) and methyl chloroformate. 



15 



BNfS0OCID:<EP (M75&01A2> 



EP 0 479 601 A2 



Yield 97.5% 

MS 462(M+) 
NMR 

2.2-2.9(8H,m) 3.10(2H,m) 

3.78(3H,s) 6.2-6.4(1 H,m) 

6.56(1 H.d) 6.72(IH,bs) 

6.92(2H,s) 7.1-7.4(I2H,m) 



10 

compound 22 



4-(5H-Dibenzo[a.d]cyclohepten-5-ylidene)-1-(4-pivaloylaminocinnamyl)piperidine 

This compound was prepared from 1-(4-Aminocinnamyl)-4-(5H-diben2o[a,d]cyclohepten-5-ytidene)piperi- 
15 dine(compound 5) and pivaloyi chloride. 

Yield 92.0% 

MS 488(M+) 



20 



NMR 

1.34(9H,s) 2.2-3.2(10H,m) 

6.2-6.42(lH,m) 6.55(lH,d) 

6.93(2H,s) 7.I-7.44(10H.m) 
25 . 7.45-7.6(2H,m) 

compound 23 

4-(5H-Dibenzo[a,d]cyclohepten-5 -ylidene)-1 -(4-trifluoroacetylaminocinnamyl)piperidine 
30 This compound was prepared from 1-(4-Aminocinnamyl)-4-(5H-dibenzo[a»d]cyclohepten-5-ylidene)piperi- 

dine(compound 5) and trifluoroacetic anhydride. 

Yield 46.0% 

MS 500(M+) 
NMR 

2.4-3.7(10H,m) 6.2-6.4(1 H.m) 

6.58(lH,dd) 6.93(2H,s) 

7.17(2H.d) 7.2-7.45(8H,m) 

^ 7.69(2H,dd) 8.36(lH,bs) 



compound 24 

45 1-(4-Butanoylaminocinnamyl)-4-(5H-dibenzo[a,d]cyciohepten-5-ylidene)piperidine 

This compound was prepared from 1-(4-Aminocinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperi- 
dine(compound 5) and butanoic acid. 



50 



55 
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Yield 68.5% 

MS 

NMR 

0.99(3H,q) 
2.2-2.43(6H.m) 
2.8-3. l(2H,m) 
5.50(1 H,bs) 
6.45(lH,dd) 
7.1-7.4(10H,m) 



474(M+) 

1.6-L8(2H.m) 
2.44-2.7(2H,m) 

3.35(2H,d) 
6.1-6.3(lH,m) 

6.92(2H,s) 
7.49(2H,dcl) 



The following composed were prepared according to the above-mentioned procedures. 
15 compound 25 

1-(4-Ethoxycarbonylaminocinnamyl)-4-(4-f]uorobenzoyl)piperidine 

MS 410(M+) 



20 



25 



NMR 

1.33(3H,t) 

3.18(2H,m) 

4.21 (2H,m) 

6.58(lH,d) 

7.1-7.4(6H.m) 



1.8-2.4(6H.m) 
3.43(3H,m) 
6.32(1 H.dt) 
6.6(lH,s) 
7.92(2H,m) 



30 compound 26 

4-(4-Fluorobenzoyl)-1-(4-methoxycarbonylaminocinnamyl)piperidine 



35 



40 



45 



50 



55 



MS 
NMR 

1.9-2.3(4H,m) 

3.28(2H,m) 

3.99(3H.m) 

6.58(lH,d) 

7.1-7.5(6H,m) 

compound 27 

4-(4-FIuorobenzoyl)-1-(4-propanoylamlnGcinnamyl)piperidine 

MS 

NMR 

1.23(3H,t) 

2.41(2H,q) 

6.33(lH,dt) 

7.0-7.5(7H^) 



396(M+) 

2.70(3H,m) 
3.42(3H,m) 
6.33(1 H,di) 
6.80(1 H,s) 
7.97(2H,m) 



394(M+) 

1.7-2.2(6H,m) 
3.1-3.5(5H,m) 

6.58(lH,d) 
7.98(2H.m) 



17 
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compound 28 

4-(4-Fluorobenzoyl)-1-(4-trifluoroacetylaminocinnamyl)piperidine 

MS 
NMR 

2.1-2.2(4H^) 
3.80(2H,m) 
6.68(lH,d) 
7.98(2H,m) 

compound 29 

1-(4-Acetylaminocinnamyl)-4-(4-fluorobenzoyl)piperidine 

MS 
NMR 

L75-1.95(5H,m) 
3.0-3.3(5H,m) 
6.50(lH,d) 
7.98(2H,m) 

compound 30 

1-(4.Aminocinnamyl)-4-{4-fluorobenzoyl)piperidine 

MS 
NMR 

1.8-2.2(4H^) 
3.68(2H,m) 
6.41(lH,d) 
7.05-7.40(6H,m) 

compound 31 

4-(4-Fluorobenzoyl)-1-(4-nitrocinnamyl)piperidine 

MS 
NMR 

L8-2.2(4H,m) 
3.8(2H,m) 
6.57(1 H,d) 
7.98(2H,m) 



435(M+) 

2.95-3.3(5H,m) 
6.25(lH.dt) 
7.1-7.5(7H,m) 



380(M+) 

2.1-2.3(4H,m) 
6.22(1 H,dt) 
7.05-7.55(7H,m) 



338(M+) 

2.95-3.3(5H,m) 
6.10(lH,dt) . 
6.62(2H,m) 
7.97(2H,m) 



368(M+) 

3.0-3.35(5H,m) 

6.36(lH,dt) 

7.05-7.5(6H,m) 



compound 32 

55 1-(4-Aminocarbonylcinnamy1)-4-(5H-dibenzo[a,d]cycloheplen-5-ylidene)piperidine 



18 
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TLC(CHC13 : MeOH=9 : 1 ) Rf=0.23 

MS 432(M+) 

5 compound 33 

4-(5H-Diben2o(a,d]cyclohepten-5-yMdene)-1-(4-trifluoromethylcinnamy1)piperidfne 



10 



TLC(CHC13 :MeOH=9 : 1 ) Rf=0.85 



25 



30 



MS 457(M+) 

compound 34 

IS 4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(4-cyanomethylcinnamyl)piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.89 

MS 428(M+) 

20 

compound 35 

4-(5H-Diben20[a,d]cyclohepten-5-ylidene)-1-(3,4-dichlorocinnamyl)piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.72 
MS 457(M+) 

compound 36 

4-(5H-Dibenzo[a.d]cyclohepten-5-ylidene)-1-(3,4-dimethoxy-2-nitrocinnamyl)piperidine 

TLC(HEXANE:Ethyl acetate=l:l) Rf=0.13 
MS 457(M+) 

compound 37 

4-Dibenzo[b,e]thiepin-11(6H)-ylidene-1-(4-nitrocinnamyl)piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.89 

MS 454(M+) 
NMR 

2.1-2.3(4H,m) 2.4-2.6(2H,m) 

2.6-2.8(2H,m) 3.21(2H,d) 

3.41(lH,d) 4.98(lH,d) 

6.48(lH,dt) 6.61(lH,d) 

7.0-7.1(4H,m) 7.2-7.4(4H,m) 

7.4-7.5(2H,m) 8.1-8.2(2H,m) 

. compound 38 

55 1-(4-Aminocinnamyl)-4-diben2o[b,e]thiepin-11(6H)-ylidenepiperidine 



35 



40 



45 



50 
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TLC(CHC13:MeOH=9:l) 

MS 

NMR 

2.1-2.8(8H,m) 
3.39(1 H,d) 
4.95(1 H,d) 
6.39(1 H,d) 
7:0-7. l(5H,m) 



Rf=0.65 
424(M+) 

3.13(2H,d) 
3.68(2H,bs) 
6.08(lH,dt) 
6.5-6.6(2H,m) 

7.1-7.3(5H,m) 
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compound 39 

1 -(4-Acethylaminocinnamyl)-4-diben2o[b,e]thiepin-1 1 (6H)-ylidenepiperidine 



TLC(CHC13:MeOH=9:l) 

MS 

NMR 

2.15(3H,s) 

3.22(2H,d) 

4.91(lH,d) 

6.48(lH,d) 



Rf=0.58 

466(M+) 

2.2-2.9(8H,m) 
3.40(lH,d) 
6.21(lH,dt) 
7.0-7.5(1 3H.m) 



compound 40 

4-(5H-Dibenzo[a.d]-cyclohepten-5-ylidene)-1-(2,5-dimethoxycinnamyl)piperidine 



TLC(CHC13:MeOH=9:l) 

MS 

NMR 

2.05-2.23(4H.m) 

2.50-2.66(2H.m) 

3.75(6H,s) 

6.45-7.00(4H,m) 

7.18-7.35(8H,m) 



Rf=0.73 

449(M-i-) 



2.30-2.45(2H,m) 
3.15(2H,d) 
6.15(lH,m) 
6.91(2H,s) 



compound 41 



4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(2»3-dimethoxycinnamyl)prperidine 



TLC(CHC13:MeOH=9:l) 

MS 

NMR 

2.1- 2.2(4H,m) 
2.5-2.7(2H,m) 
3.77(3H,s) 
6.28(lH,dt) 
6.90(2H,s) 

7.2- 7.4(9H,m) 



Rf=0.90 

449(M+) 

2.3-2.4(2H,m) 
3.13(2H,d) 
3.80(3H,s) 
6.79(lH,d) 
7.0-7. l(2H,m) 
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compound 42 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-.1-(3,5-dimethoxycinnamyl)piperidine 



TLC(CHC13 :MeOH=9 : 1 ) 

MS 

NMR 

2.05-2.23(4H,m) 

2.50-2.66(2H,m) 

3.78(6H,s) 

6.52(2H,m) 

7.18-7.35(8H,m) 



Rf=0.73 
449(M+) 

2.28-2.42(2H,m) 
3.10(2H,d) 
6.10-6.42(3H,m) 
6-91 (2H,s) 



compound 43 

4-{5H-D,ibenzo[a,d]cyclohepten-5-ylidene)-1-(2-methoxycinnamyl)piperidine 



TLC(CHC13 : MeOH=9 : 1 ) 

MS 

NMR 

2.2-2.3(4H,m) 

2.6-2.7(2H,m) 

3.79(3H,s) 

6.80(lH.cl) 

6.92(2H,s) 



Rf=0.87 
419(M+) 

2.3-2.4(2H,m) 
3.15(2H,d) 
6.28(lH,dt) 
6.8-6.9(lH,m) 
7.1-7.4(1 lH,m) 



compound 44 

4-(5H-Diben20[a,.d]cyclohepten-5-ylidene)-1-(3-methoxycinnamyl)piperidine 



TLC(CHC13 : MeOH=9 : 1 ) 

MS 

NMR 

2.1-2.2(4H,m) 
2.5-2.7(2H,m) 
3.78(3H,s) 
6.42(lH,d) 

6.92(2H,s) 



Rf=0.89 

419(M+) 

2.2-2.4(2H,m) 
3.12(2H,d) 

6.23(1 H,dt) 

6.7-6.9(4H,m) 

7.2-7.4(8H,m) 



compound 45 

50 4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(4-methoxycinnamyl)piperidine 



55 
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TLC(CHC13:MeOH=9:l) Rf=0.85 
MS 419(M+) 
NMR 

2.1-2.2(4H,m) 2.3-2.4(2H,m) 

2.6- 2.7 (2H,m) 3.12(2H,d) 
3.79(3H,s) 6.12(lH,dt) 
6.41 (lH,d) 6.83(2H,d) 
6..91(2H,s) 7.1-7.3(10H,m) 

compound 46 

4-(10,11-Dihydro-5H-dibenzo(a,d]cyclohepten-5-ylidene)-1-(4-nitrocinnamyl)piperidine 

TLC(CHCI3:MeOH=9:l) Rf=0.93 
MS 436(M+) 
NMR 

2.7- 3.0(8H,m) 3.3-3.4(4H.m) 
3.75(2H,d) 6.7-6.8(2H,m) 

7.0- 7.2(8H,m) 7.5-7.6(2H,m) 

8.1- 8.2(2H,m) 

compound 47 

1-(4-Aminocinnamyl)-4-(10,11-dihydro-5H-dibenzo(a,d]cyclohepten-5-ylidene)piperidine 

'° TLC(CHC13:MeOH=9:l) Rf=0.64 

MS 405 (M+) 

NMR 

2.4-2.5(4H,m) 2.6-2.7(2H,m) 

2.81(2H,dt) 3.12(2H,d) 

3.3-3.4(2H,dt) 3.67(2H,bs) 

6.08(1 H,dt) 6.39(lH,d) 

6.60(2H,d) 7.0-7. 2(10.m) 
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compound 48 

1-(4-Acethylaminocinnamyl}4-(10.11-dihydro-5H-dibenzo[a.d]cyclohepten-5-ylidene)piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.54 

MS 448(M+) 

NMR 

2.4-2.6(4H,m) 2.7-2.8(8H,m) 

3.21 (2H,d) 6.21(lM,dt) 

6.44(lH,d) 7.0-7.2(8H,m) 

7.34(2I-l.d) 7.44(2H,d) 

compound 49 

4-(5H-Dibenzo[a.d]cydohepten-5-ylidene)-1-(4-fluorocinnamyl)piperidine 

22 
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TLC(CIIC13:MeOH=9:l) 

MS 

NMR 

2.1- 2.2(4H.m) 
2.6-2.8(2H,m) 
6.17(lH,dt) 
6.87(2H,s) 

7.2- 7.3(10H,m) 



Rf=0.88 

445(M+) 

2.3-2.4(2H,m) 
3.09(2H,d) 

6.42(1 H.d) 

6.9-7.()(2H,m) 



compound 50 

3-[4-(5H-Dibenzo [a,d]cyclohepten-5-ylidene)-1-piperidinyl]-1-{3-pyridyl)-1-propene 



tLC(CHC13:MeOH 9:1) Rf=0.44 

MS 

NMR 

2.1-2.2(4H,m) 

2.55-2.65(2H.m) 

6.31(lH,dt) 

6.90(2H,s) 

7.62(lH,d) 

8.54(1 H,d) 



390(M+) 

2.3-2.5(2H,m) 
3.09(2H.d) 

6.43(1 H,d) 
7.1-7.3(9H,m) 
8.41(lH,dd) 



compuond 51 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(4-hydroxycinnamyl)piperidine 



TLC(CHC13 : MeOH=9 : 1 ) 

MS(FAB.m/z) 

NMR 

2.1-2.3(4H,m) 

2.6-2.8(2H,m) 

5.97(lH,dt) 

6.63(2H.d) 

7.0-7.3(llH,m) 



Rf=0.55 
406(MH+) 

2.3-2.5(2H,m) 

3.07(2H,d) 
6.37(lH,d) 
6.87(2H,s) 



45 



compound 52 

1-(4-Acetoxycinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine 



so 



TLC(CHC13:MeOII-0:l) 

MS 

NMR 

2.1-2.2(4H,m)2.29(3H,s) 

2.3-2.4(2H,m) 

3.12(2H,d) 



Rf=0.87 

447(M+) 



2.6-2.7(2H,m) 
6.21(lH,dt) 



55 
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6.43(1 H,d) 
6.9-7.0(2H,m) 



6.92(2H.s) 
7.2-7.4(lOH,m) 



compound 53 

4-(5H-Dibenzo[a,dlcyclohepten-5-ylidene)-1-(4-hy(lroxy-3-methoxycinnamyl)piperidine 



TLC(CHC13 : MeOH=9 : 1 ) 

MS 

NMR 

2.1-2.2(4H,m) 

2.6-2.7(2H,m) 

3.81(3H,s) 

6.39(1 H,d) 

6.8-6.9(2H,m) 

7.1-7.3(9H,m) 



Rf=0.87 
435(M+) 

2.3-2.4(2H,m) 
3.08(2H,d) 
6.09(1 H,dt) 
6.78(lH,s) 
6.87(2H,s) 



compound 54 . 

1-(4-Acetoxy-3-methoxycinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine 



TLC(CHC13 : MeOH=9 : 1 ) 

MS 

NMR 

2.1- 2.2(4H,m) 
2.3-2.4(2H,m) 
3.09(2H,d) 
6.08(1 H,dt) 
6.80(2H,s) 

7.2- 7.4(9H.m) 



Rf=0.83 

477(M+) 



2.29(3H,s) 
2.6-2.7(2H,m) 
3.81(3H,s) 
638(IH,d) 
6.9-7 .4( 11 H.m) 



compound 55 

4-{5H-Dibenzo[a,d]cycloheplen-5-ylidene)-1-(3-hydroxycinnamyl)piperidine 



TLC(CHCl3:MeOH=9:l) 
MS 

NMR(CD30D) 

2.10-2.30(4H,m) 

2.70(2H,m) 

6.42(lH,m) 

6.84-6.95(2H,m) 

7.10-7.38(10H,m) 



Rf=0.45 
405(M+) 

2.3l-2.50(2H.m) 

3.16(2H,d) 

6.70(lH,m) 
6.95(2H,s) 



55 



compound 56 

1-(3-Acetoxycinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine 



24 
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TLC(CHC13:MeOHr 9:1) 

MS 

NMR 

2.13-2.24(4H,m) 



Rf=0.80 
447(M+) 

2.30-2.45(2H,m) 



10 



2.62(2H,m) 
6.28(lH,m) 
6.92(2H,s) 
7.04(lH,s) 



3.14(2H,d) 
6.43(1 H,d) 
6.92-6.97(lH,m) 
7.18-7.35(10H.m) 



J5 



20 



25 



30 



35 



40 



45 



compound 57 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-[3-(2-methoxyacethoxy)cinnamyl] piperidine 



TLC(CIIC13:MeOH=9:l) 
MS 

NMR(hydrochioride) 

2.21-2.40(2H,m) 

2.92-3.15(2H,m) 

3.54(3H,s) 

6.40-6.60(2H,m) 

7.00-7.39(12H,m) 



Rf=0.65 
477(M+) 

2.48-2.60(4H,m) 
3.20-3.65(2H.m) 
4.26C2H,s) 
6.92(2H,s) 



compound 58 



4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(2-methoxycarbonylcinnamyl)piperidine 



TLC(CHC13 : MeOH=9 : 1 ) 

MS 

NMR 

2.52-2.68(4H,m) 

3.30-3.50(2H,m) 

6.42(lH,dt) 

7.18(lH,d) 

7.42-7.60(3H,m) 



Rf=0.55 
447(M+) 

2.92-3. 10(2H,m) 

3.62(2H,d) 
6.91(2H,s) 
7.24-7.40(8H,m) 

7.90-7.95(lH,m) 



compound 59 



4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(4-methoxycarbonylcinnamyl)piperidine 



50 



55 



TLC(CHC13:McOH=9: 1 ) 

MS 

NMR 

2.15-2.24(4H,m) 
2.60-2.68(2H,m) 
3.90(3H,s) 
6.50(lH,d) 
7.20-7.36(8H,m) 
7.96-8.00(lII,m) 



Rf=0.50 
447(M+) 

2.32-2.45(2H,m) 

3.16(2H,d) 
6.39(lH,dt) 
6.92(2H,s) 

7.37-7.41(2H,m) 



25 
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compound 60 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(3-methoxy-2-nitrocinnamyl)piperidine 

TLC(HEXANE:EtO \c=l:l) Rf=0.30 

MS 464(M+) 
NMR 

2.1-2.23(3H,m) 2.24-2.42(2H,m) 

2.43-2.7(3H,m) 3.07(2H,d) 

3.81 (3H,s) 6.37(2H,s) 

6.8-7.0(3H,m) 7.05-7.4(1 OH,m) 

compound 61 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(4-ethoxycarboxycinnamyl)piperidine 

20 TLC(CHC13:MeOH=9:lj ' Rf=0.83 

MS 477(M+) 
NMR 

1.23(3H,t) 2.1-2.2(4H,m) 

2.3-2.4(2H,m) 2.5-2.7(2H,m) 

3.13(2H,d) 4.18(2H,q) 

6.24(lH,d) 6.43(lH,d) 

6.90(2H,s) 7.0-7.1(2H,m) 
7.1-7.4(10H,m) 



75 



25 



30 



35 



40 



45 



compound 62 

4-(5H-Dibenzo[a.d]cyclohepten-5-ylidene)-1-(4-methoxyacethoxycinnainyl)piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.75 

MS 477(M+) 
NMR 

2.0-2.2(4H,m) 2.4-2.6(2H,m) 

2.5-2.7(2H,m) 3.17(2H,d) 

3.52(3H,s) 4.24(2H.s) 

6.22(1 H,dt) 6.44(1 H,d) 

6.95(2H,s) 7.0-7.4(12H,m). 

compound 63 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(3,4-dihydroxycinnamyl)piperidine 



50 



55 



26 
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TLC(CHC13:MeOH=9:l) 

MS(FAB.m/z) 

NMR 

2.0-2.3(4H,m) 
2.6-2.8(2H.m) 
6.27(lH,dt) 
6.87(2H ,s) 



Rf=0.35 
422(M+) 

2.4-2.6(2H,m) 

3.17(2H.dt) 

6.41(IH,d) 

6.9-7.5(13H,m) 



10 



compound 64 



15 



20 



4-Diben2o[b,e]thiepin-11(6H)-ylidene-1-(2,4-dimethoxycinnamyl)piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.75 
MS 469(M+) 

compound 65 

4-(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-(2,4-dimethoxycinnamyl)piperidine 



25 



TLC(CHC13 : MeOH=9 : 1 ) 
MS 



Rf=0.71 

451(M-h) 



compound 66 

1-(4-Aminosulfonylcinnamyl)-4-dibenzo[b,e]oxepin-11(6H)-ylidenepiperidine 



30 



TLC(CHC13 : MeOH=9 : 1 ) 
MS 

35 compound 67 

1-(4-Aminosulfonylcinnamyl)-4-(9-thioxanthylidene)piperidine 



Rf=0.32 

475(M+) 



40 



TLC(CHC13:MeOH=9:l) 
MS 



Rf=0.35 

475(M+) 



^ compound 68 

45 1-(4-Aminosulfonylcinnamyl)-4-(9-xanthylidene)piperidine 

TLC(CHC13:MeOH=9:l) 
MS 



Rf=0.3l 
458 (M+) 



50 



55 



compound 69 

1-(4-Aminosulfonylcinnamyl)-4-diphenylmethylenepiperidine 

TLC(CHC13:MeOH=9:l) 
MS 



Rf=0.31 
444(M+) 



27 
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compound 70 

1-(4-Aminosulfonylcinnamyl)-4-(10,11-dihydro-5H-diben2O[a,dJcVdohepten-5-ylid 

TLC(CHC13:MeOH=9:l) Rf=0.34 

MS 471(M+) 

compound 71 

10 

1-(4-Aminosulfonyl-a-methyIcinnamyl)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.29 
,5 MS 483(MH+) 

compound 72 

1-(4-AminosuIfonyl-p-methylcinnamy|)-4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine 

20 

TLC(CHC13 : MeOH=9 : 1 ) Rf =0.45 

MS 483(MH+) 

25 compound 73 

1-(2-ChIorobenzyl)-4-(5H-diben2o[a,d]cycl6hepten-5-ylidene)piperidine 

MS 397(M+) 
30 H-NMR 

2.1-2.8(8H.m) 3.63(2H,bs) 
6.90(2H,s) 7.1-7.3(12H.m) 

35 compound 74 

1-CycIohexyl-3-[4-(5H-Dibenzo[a,d]cyclohepten-£;-yIidene)-1-piperidinyl]propane 

MS 397(M+) 
H-NMR 

0.8-2.1(15H,m) .2.47(2H,dd) 

2.68(2H,d) 2.7-2.9(2H.m) 

3.0(2H.dd) 3.49(2H,d) 

6.94(2H,s) 7.1-7.4(8H,m) 

compound 75 

.50 1-Cyclohexyl-4-[4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]butane 



55 



28 
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MS 

H-NMR 
0.8-2.1(15H.m) 
5 2.68(2H,d) 
3.0(2H.dd) 
6.92(2H,s) 

10 compound 76 

4-(5H-Diben2o[a,d]cyclohepten-5-ylidene)-1-hexylpiperidine 



411(M+) 

2.47(2H.dd) 
2.7-2.9(2H,ni) 
3.49(2H,d) 
7.1 -7.4(8 H,m) 



15 



20 



25 



30 



35 



40 



45 



Yield 95.6% 

TLC( CHC13: McOH=9:i) 
MS 

H-NMR(CDCL3) 

0.85(3H.d,J=8Hz) 

1.7-1.9(2H.m) 

2.53(2H.dJ=12Hz) 

3.14C2H,tdJ=8,3Hz) 

6.92(2H,s) 



Rf=0.68 
357(M+) 

l.2-1.4(6H,m) 

2.31(2H,ddJ=12.8Hz) 

2.7-2.8(2H,m) 

3.40(2H,dJ=12Hz) 

7.2-7.4(8H,m) 



compound 77 

1-Decyl-4-<5H-dibenzo[a,d]cyclohepten-5-ylidene)piperidine 

Yield 66.7% 

TLC( CHC13:McOH=9:l) 
MS 



NMR(hydrochloride) 

0.85(3H,t,J=8Hz) 

1.7-1.9(2H,m) 

2.54(2H,dJ=12Hz) 

3.15(2H,tdJ=8,3Hz) 

6.92(2H,s) 



Rf=0.75 
413(M+) 



1.2-1.4(14H,m) 

2.33(2H,ddJ=12,8Hz) 

2.7-2.8(2H,m) 

3.39(2H,dJ=12Hz) 

7.1-7.4(8H,m) 



compound 78 



5-[4-(5H-Dibenzo[a,d]cyclohepten-5-yIidene)-1-piperidinyl]-2-(3,4-dichlorophenyl-2-isopropylvaler^ 



50 



55 



29 
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10 



Yield 69.1% 

TLC( CHC13: MeOH=9:l) 
MS 

H-NMR(CDCL3) 
0.77(3H,dJ=8Hz) 
2.0-3 .4(15H,m) 
7.18(H.dd,J=9,2Hz) 
7.48(1 H,d,J=9Hz) 



Rf=0.60 
542(M+) 

1.18(3H.d.J=8Hz) 
6.90(2H,s) 
7.2-7.4(8H,m) 
7.53(lH,s) 



compound 79 

4-(5H-Dibenzo[a,d]cydohepten-5-ylidene)-1-(3-[2-(cinnamoylamino)phenylthio]-1-propyl)piperidine 



20 



25 



30 



35 



40 



TLC( CHC13:MeOH=9:l) 
MS 

H-NMR(CDCL3) 
1.73(2H,ttJ=7,7Hz) 
2.3-2.4(2H,m) 
2.5-2.6(2H,m) 
6.59(1 H,dJ=16Hz) 
7.08(lH,ttJ=8,lHz) 

7.5- 7.6(3H,m) 
8.55(1 H,dJ=8Hz) 

compound 80 

4-(5H-Diben2o[a,d]cyclohepten-5-ylidene)-1-cinnamylpiperidine 

TLC( CHC13: MeOH=9:l) 
MS 

H-NMR(CDCL3) 
2.1-2.3(4H,m) 

2.6- 2.7(2H,m) 
6.26(2H,dtJ=16,7Hz) 
6.92(2H,s) 



Rf=0.66 
568(M+) 

2.0- 2.2(4H,m) 
2.38(2H,tJ=7Hz) 
2.78(2H,tJ=7Hz) 
6.88(2H,s) 

7.1- 7.4(12H,m) 
7.76(lH,d,J=16Hz) 
8.78(lH,bs,NH) 



Rf=0.69 
389(M+) 

2.4-2.5 (2H,m) 
3.I4(2H,d,J=7Hz) 
6.48(2H,d,J=16Hz) 
7.1-7.4(8H,m) 



45 



compound 81 

5-(4-(5H-Djbenzo[a,d]cyclohepten-5-ylidene}-1-piperidinyl]-2,2-diphenylvaleronitrile 



SO 



55 



Yield 57.7% 

TLC( CHC13: MeOH=9:l) 
MS 

H-NMR(CDCL3) 
1.5-1.7(2H,m) 
2.3-2.6(8H,m) 
7.1-7.4(18H,m) 



Rf=0.74 
506(M-»-) 

2.0-2.2(4H,m) 
6.87(2H,s) 



30 
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IS 



compound 82 

5-(4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]-2-(3-trif1uoroinethylphenyl)-2-isopropylvaleronitri 
le 



Yield 47.5% 

TLC( CHC13: MeOH=9:l) 
MS 

H-NMR(CDCL3) 

0.76(3H,dJ=7Hz) 

1.5-1.6(lH4n) 

6.88(2H,s) 

7.48(1 H,dJ=8Hz) 

7.59(lH,s) 



Rf=0.75 
540(M+) 

1.0- 1.2(lH,m) 
1.9-2.5(13H,m) 

7.1- 7.3(8H,m) 
7.56(lH,d,J=8Hz) 



compound 83 

20 4-(5H-Dibenzo(a,d]cyclohepten-5-ylidene)-1-{2-fluorobenzyl)piperidine 



25 



30 



35 



40 



45 



50 



TLC( CHC13: MeOH=9:l) 
MS 

H-NMR(CDCL3) 

2.1-2.2(4H,m) 

2.5-2.6(2H,m) 

6.88(2H.s) 

7.04(lH,dd,J=7,7Hz) 



Rf=0.75 
381(M+) 

2.3-2.4(2H,m) 
3.53(2H,s) 

6.96(lH,ddJ=8,8H2) 
7.1-7.4(10H,m) 



compound 84 

4-(5H-Diben2o[a,d]cyclohepten-5-ylidene)-1-(4-fiuorophenylethyl)piperidine 

TLC( CHCB: MeOH=9:l) Rf=0.55 

MS 395(M+) 
H-NMR(CDCL3) 
2.1-2.8(12Hjii) 



6.9-7.4(2H,m) 



compound 85 

5-[4-(5H-Diben2o[a,d]cycIohepten-5-ylidene)-1-piperidinyl)-2-{3-trtfluoromethylphenyl)valeronitrile 



TLC( CHCB: MeOH=9:l) 
MS 

H-NMR(CDCL3) 
1.5-2.7(14H,m) 

6.90(2H,s) 



Rf=0.56 
498(M+) 

3.97(lH,tJ=7Hz) 
7.1-7.6(12H.m) 



55 



compound 88 



1-(3-Aminobenzyl)-4-{5H-dibenzo[a.d]cyclohepten-5-ylidene)piperidine 



31 
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TLC( CHC13: MeOH=9:l) " ' ' Rf=b.62 ' 

MS 378(M+) 
H-NMR(CDCL3) 

5 2.1.2.8(8H,m) 3.50(2H,s) 

3.4-3.8(2H,bs) 6.5-6.8(2H,m) 

6.93(2H,s) 7.0-7.4(10H,m) 

10 compound 87 

4-[4-(5H-Dibenzo[a,dlcyclohepten-5-ylidene)-1-piperidinyl]-3\4'-dimethoxybutyrophenone 



15 



20 



25 



30 



35 



40 



TLC( CHC13: MeOH=9:l) Rf=a52 

MS 479(M+) 
H-NMR(CDCL3) 

1. 8-2,6(1 2H^) 2.95(2H,tJ=8Hz) 

3.93(3H,s) 3.95(3H,s) 

6.85(lH,d,J=10Hz) 6.88(2H,s) 

7.2.7.4(8H,m) 7.5.7.7(2H,m) 

compound 88 

1-(4-Cyanobenzyl)-4-(5H-dibenzo[a,d]cyclohepten-5-yIidene)-1-piperidine 

TLC(CHC13:MeOH=9:l) Rf=0.70 ' 

MS(FD.m/z) 388(M+) 
H-NMR 

2.2-2.5(2HjTi) 2.5-2.8(2H.m) 

3.0-3.4(4H^) 4.03(2H,d) 

6.92(2H,s) 7.1-8.0(12H^) 

compound 89 

1-Cyclohexyl-4-[4-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]butane 



TLC(HEXANE.:EtOAc=l:l) Rf=0.67 

MS 413(M+) 
H-NMR 

45 0.80-0.88(2H,m) 1.10-1.73(15H,m) 

2.12-2.19(2H,m) 2.28-2.30(2H,m) 

2.32-2.47(4H,in) 2.64-2.69(2H,m) 

2.77-2.86(2H,m) 3.36-3.45(2H,m) 

50 7.05-7. 15(8H,m) 

compound 90 

Cyclohexyl-[4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]methane 
TLC(CHC13:MeOH=9:l) ' Rf=0.58 



32 
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MS(FD.m/z) 369(M+) 
H-NMR 

0.7-2.9(20H,m) 6.91(2H.s) 
7.05-7.4(8H,m) 

compound 91 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(2,3-dimethoxybenzyl)piperidine 

TLC(CHC13:MeOH=9:l) " Rf=0.63 
MS(FD.m/z) 423(M+) 
H-NMR 

2.0-2.8(10H,m) 3.80(3H,s) 
3.84(3H,s) 6.7-7.4(1 lH,m) 

6.89(2H,s) 



20 compound 92 

3-Cyanopropyl-4-(5H-dibenzo[a.d]cyclohepten-5-ylidene)piperidine 



10 



15 



25 



30 



35 



40 



45 



55 



NMR 

1.62-2 J2(14H,m) 6.92(2H,s) 
7.10-7.3G(8H,m) 

compound 93 

4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-(3,4-climethoxyphenacyl)piperidine 

MS • 451(M+) . 
NMR 

2.15-2.30(4H,m) 2.37-2.45(2H.m) 

2.65-2.75(2H,m) 3.70(2H,s) 

3.90(3H.s) 3.92(3H.s) 

6.85(lH,d) 6.90(2H,s) 

7.18-7.34(8H,m) 7.59(lH,d) 
7.66(lH,dd) 

compound 94 

1-Cyclohexyl-6-[4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-piperidinyl]hexane 



TLC(CHC13:MeOH=9:l) Rf=0.65 

MS(FD.m/z) 439(M+) 
^ H-NMR 

0.8-1.0(2H,m) l.l-1.4(10H,m) 

1.5-1.7(8H.m) 2.2-2.4(1 H,m) 

2.5-2.9(5H.m) 3.0-3.2(2H,m) 

3.4-3.6(3H,m) 6.92(2H,s) 
7.1-7.4(8H.m) 



33 
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15 



20 



25 



30 



35 



compound 95 

1-(4-Cyclohexylbutyl)-4-(9-thioxanthylidene)piperidine 

TLC( CHC13: MeOH=9:l) Rf=0.69 

MS(FD.m/z) 417(M+) 
H-NMR 

0.8-1. 0(2H.m) l.l-L4(9H.m) 

1.5-1.7(6H.in) 2.2-2.4(2H,m) 

2.5-2.6(2H,m) 2.8-2.9(2H,m) 

2.9-3.1(6H.m) 7.1-7.5(8H,m) 

compound 96 

1-(4-Cyclohexylbutyl)4-(9-xanthylidene)piperidine 

TLC( CHC13: MeOH=9:l) Rf=0".74 
H-NMR 

0.8-1.0(2H.m) l.l-1.4(9H,m) 
1.5-1.7(6H,m) 2.3-2.4(2H,m) 

2.52(4H.t) 2.91(4H,t) 
7.0-7.4C8H.m) 

compound 97 

5-[4-(4-Fluorobenzoyl)-1-piperidinyl]-2-isopropyl-2-{3,4,5-trimethoxyphenyl)valeronitri!e 



TLC( CHC13: MeOH=9:l) Rf=0.56 

MS 497(M+) 
H-NMR(CDCL3) 

0.76(3H,bs) 1.0-1.2(lH,m) 

1.16(3H,bs) l.4-2.5(12H,m) 

2;9-3.4(3H,m) 3.82(3H,s) 

^ 3.87(3H,s) 6.6-6.8(2H,m) 

6.6-6.8(2H,m) 7.0-7.2(2H,m) 
7.8-8.1(2H,m) 

45 compound 98 

2-(3,4-Dimethoxyphenyl)-2-dodecyl-5-[4-(4-fluorobenzoyl)-1-piperidinyl]valeronitrile 



50 



55 



34 
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TLC( CHC13: McOH=9:l) Rf=0.70 

MS 592(M+) 
H-NMR(DMS0-d6) 

0.84(3H.U=8Hz) 1.2-1.5(22H,m) 

1.8- 2.1(8H,m) 2.9-3.1 (4H,m) 
3.4-3.5(2H,m) 3.6-3.8(lH,m) 
3.76(3H,s) 3.79(3H,s) 

6.9- 7.0(3H.m) 7.40(2H,ddJ=8,8Hz) 
8.07(2H,ddJ= 10.8Hz) 

compound 99 

15 5-[4-{3,4-Dimethoxybenzoyl)-1-piperidinyl]-2-(3,4-dimethoxyphenyl)-2-isopropylvaleronrt^^^ 

TLC( CHC13: MeOH=9:l) Rf=0.83 

MS 508(M+) 
,0 H-NMR(CDCL3) 

0.80(3H.U=6Hz) 1.21(3H,tJ=6H2) 

2.0-3.8(16H,m) 3.89(3H,s) 

3.93(3H,s) 3.96(6H,s) 

6.86(1 H,dJ=8Hz) 6.91(lH.d.J=8Hz) 

6.94(lH,dJ=2Hz) 7.00(lH,ddJ=8,2Hz) 

7.44(lH,dJ=2Hz) 7.49(lH.ddJ=8,2Hz) 

30 compound 100 

5-{4-[Bis(4-fluorophenyl)methylene]-1-piperidinyl}-2-(3,4-dimethoxyphenyl)-2-isopropylvaleronitrile 



25 



35 



40 



TLC( CHC13: MeOH=9:l) Rf=0.54 
MS 544(M+) 
H-NMR(CDCL3) 

0.78(3H,d J=8H2) 1 .20(3H,d,J=8Hz) 

1.6-3.6(15H,m) 3.87(3H,s) 

3.94(3H,s) 6.8-7.1(1 lH,m) 



compound 101 

45 2-(3.4-Dimethoxyphenyl)-2-isopropyl-5-[4-(2,4,6-tr(methyIbenzoyl)-1-piperidinyl]valeronitrtle 

TLC( CHC13: MeOH=9:l) Rf=0.64 

MS 490(M+) 
so H-NMR(CDCL3) 

0.8-1. 3(6H,m) 1.9-3.6(25H,m) 

3.9-4.0(6H,m) 6.8-7.0(5H.m) 

55 compound 102 

2-(3,4-Dimethoxyphenyl)-5-[4-(4-fluorobenzoyl)-1-pipera2inyl]-2-isopropyIvaleronitrile 

35 
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10 



15 



20 



TLC( CHCO: MeOH=9:l) 
N4S 

H-NMR(CDCL3) 

0.81(3H.dJ=7Hz) 

1.5-1.7(2H,m) 

2.2-2.5(2H,m) 

3.89(3H,s) 

6.88(2H,d,J=8Hz) 

7.04(2H,ddJ=8,2Hz) 

7.37(2H,ddJ=8,8Hz) 

compound 103 

6-[4-(4-Fluorobenzoyl)-1-piperidinyl]-2-phenylvaleronitrile 

TLC( CHC13:MeOH=9:l) 
MS 

H-NMR(CDCL3) 



Rf=0.70 
421(M+) 

1.22(3H,d,J=7Hz) 
2.15(lH,qqJ=7,7H2) 

3.0- 3.6(10H,m) 
3.95(3H.s) 
6.95(2H,d,J=2Hz) 

7.1- 7.2(3H,m) 



Rf=0.54 
364(M+) 



25 



30 



1.6-1.8(2H.m,) 

1.9-2.0(2H,m) 

2.41(2H,U=7Hz) 

3.20(1 H,m) 

7.1-7.2(2H,m) 

7.9-8.0(2H,m) 



L8-1.9(4H.m) 

2.0-2.2(2H,m) 

2.9-3.0(2H,m) 

3.88(lH,tJ=7Hz.) 

7.3-7.4(5H,m,) 



compound 104 

35 2-(3,4-Dimethoxyphenyl)-5-[4-(4-fluorophenyl)methylene-1-piperidinyl]-2-isopropylvaleronitrile 



40 



45 



TLC( CHC13: MeOH=9:l) 
MS 

H-NMR(CDCL3) 
0.80(3 H,d,J=8Hz) 
1.5-3.6(15H,m) 
6.4-6.5(1 H,m) 



Rf=0.73 
450(M+) 

1.20(3H,d,J=8Hz) 
3.9-4.0(6H,m) 
6.8-7.2(7H.m) 



compound 105 

2-Butyl-2-(3.4-dimethoxyphenyl)-5-[4-(4-fluorobenzoyl)-1-piperidinyl]vaIeronitrile 



50 



55 



36 
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10 



TLCC CHC13:McOH=9:I) 
MS 

H-NMRfCDCL3) 
0.86(3H.t,J=8Hz) 
3.88(3H,s) 
6.87(1 H.dJ=SHz) 
6.99(1 H.d.J=8IIz) 
7.92(2H,ddJ=8.6Hz) 



Rf=0.67 
480(M+) 

L0-3.8(2lH,m) 
3.96(3H.s) 
6.92(1 H.s) 

7.18(2H.ddJ=8,8Hz) 



compound 106 

5-[4-(4-Fluoroben2oyl)-1-piperidinyl]-2-isopropyl-2-(1-methylpyrrole-2-yl)valeronitrile 



15 



20 



25 



30 



TLC( CHC13: MeOH=9:l) 
MS 

H-NMR(CDCL3) 
I.00(3H.dJ=7Hz) 
1.4-1. 5(lH.m.CH2CCN) 

1.7- 1.9(4H,m) 
2.24(lH.heptJ=7Hz). 

2.8- 2.9(2H.m) 
3.74(3H,s) 
6.10-6.14(lH,m) 

7.09- 7.16(lH,m) 



compound 107 



Rf=0.54. 

409(M+) 

1.08(3H,d;J=7Hz) 

1.5-L7(lH,m,CH2CCN) 
1.9-2.1(4H,m) 
2.3-2.4(2H,m) 
3.18(lH.pseud hept.) 
6.00-6.03(IH,m) 
6.52-6.54(lH,m) 
7.93-7.98(2H,ra) 



[2-(2-NitrobenzenesuIfonyl)aminoethyl]-4-(4-fluorobenzoyl)piperidine 



35 



40 



MS(FAB^z) 
NMR 

1.80-2.05(5H,m) 
3.56-3.65(2H,m) 
7.90-7.95(2H,m) 
8.45(1 H,bs) 



436(MH+) 

3.04-3.35(6H,m) 
3.65-3.75(lH.m) 
7,40(2H,ddJ=8,8Hz) 
8.02-8.13(4H,m) 



45 compound 108 



2-(3,4-Dimethoxyphenyl)-5-{4-(4-fluorobenzoyl)-1-piperidinyl]valeronitrile 



MS(m/z) - 
NMR 

1.8-2.4(8H,m) 
3.85(3H,s) 
3.8-4.4(2H,m) 
7.1-7.2(2H,m) 



424(M+) 

2.9-3.7(6H.m) 
3.88(3H,s) 

6.8- 6.9(3H,m) 

7.9- 8.0f2H,m) 
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compound 109 



1-[2-(2-Ethoxycarbonylaminobenzenesulfonyl)anninoethyl]-4-(4-fluorobenzoyl)piperidine 



10 



15 



MS(FAB.m/z) 
NMR 

1.12(3H,tJ=8Hz) 

3.12-3.27(2H,m) 

4.10(2H,q,J=8Hz) 

6.16(lH.br) 

6.89(1 H.d.J=8Hz) 

7.40(2H,ddJ=8.6Hz) 

8.10(2H,ddJ=8,6Hz) 



478(iMH+) 

1.82-2.10(5H.m) 
3.65-3.77(4H.m) 
4.23-4.30(2H.m) 
6.68(lH,ddJ=8,8Hz) 
7.36(1 add J=8,8I-Iz) 
7.59(1 H.d,J=8Hz) 



20 



compound 110 

Methyl 2-[N-methyl-N-2-[2,4(1H.3H)-quina20linedione-3-yl]-ethylamino]ethyl 2,6-dimethyl-4-(3-nitrophenyl)- 
1 ,4-dihydropyridine-3,5-dicarboxylate 



25 



30 



35 



.MS 
NMR 

2.30(3H,s) 
2.38(3H,s) ■ 
3.83(3H,s) 
4.04(lH.s) 
6.91(lH,ddJ=8,8Hz) 
7.23(1 addJ=8.8Hz) 
7.70(lH,dJ=8Hz) 
8.02(lH,s) 

compound 111 

1 ,3-Bis[4-(4-fiuorobenzoylpiperidine-1 -yl)propane 



578(MH+) 

2.34(3H.s) 

2.60-2.95(6H.m) 

4.08(2H.tJ=7Hz) 

5.86(lH.s) 

7.08(lH.ddJ=8,8Hz) 

7.48(lH.ddJ=8,8Hz) 

7.85(1 H,d,J=8Hz) 



40 



45 



NMR 

1. 65-2.22(1 2H,m) 
7.02(4H,dd,J=8.8Hz) 



2.25-3.33(12H,m) 
7.88(4H,ddJ=8.6Hz) 



compound 112 

2-{3,4-Dimethoxyphenyl)-5-[4-(a-hydroxy-4-f!uorobenzyl)-1-piperidinyl]-2-isopropylvaIeronitrile 



50 



55 



38 
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MS 469 
NMR 

0.78(3H.ddJ=7Hz) l.l-1.2(4H,m) 

1.16(3H,dJ=7H2) 1.2-1.4(lH.m) 

1.4-1.6(2H.m) 1.6-1.9(4H,m) 

2.0-2. l(2H,m) 2.19(2H,pseud tJ=8Hz) 

2.6-2.9(2H.m) 3.86(3H,s) 

3.87(3H,s) 4.26(1 H,dJ=7Hz) 

6.8-7.1(5H,m) 7.1.7.3(2H,m) 



15 



compound 113 

2,2-Diphenyl-5-[4-(4-fluorobenzoyl)-1-piperidinyl]valeronitrile 
NMR 

1. 9-2.1 (4H,m) 3.0-3. l(4H,m) 

3.2-3.3(2H,m) 3.7-3.8(lH,m) 

7. 1 8(2H,dd J=8,8Hz) 7.2-7.5(10H,m) 
7.92(2H.ddJ=10,8Hz) 

25 compound 114 

2-{3,4-Dimethoxyphenyl)-5-[4-(4-fluoroben2oyl)-1-piperidinyl]-2-octylvaleronitrile 



30 



35 



40 



MS 536(M+) 
NMR 

0.86(3H,d,J=8H2) 1.0-3.8(14H,m) 

3.88(3H,s) 3.96(3H,s) 

6.87(1 H,dJ=8,2Hz) 6.92(1 H,dJ=2Hz) 

6.99( 1 H,dd J=8,2Hz) 7. 1 8(2H.dd J=8,8Hz) 
7.90(2H,ddJ=10,8Hz) 

compound 115 . 
4-(4-Fluorobenzoyl)-1-[2-(N-phenylcarbamoylamino)ethyl]piperidine 

MS 369(M+) 

45 EXAMPLES 

Evaluation of antiarrhythmic activity of the compounds 
Example 1 

50 

Female Guinea Pigs, weighing 250-350g, were anesthetized with urethane. The lead 11 ECG was continu- 
ously recorded. 

Drugs, compound 1 and compound 2, were dissolved in the 2.5% nicol 2.5% ethanol solution, and injected into 
the femoral vein. 

55 After 30min of drug injection ouabain was infused intravenously through the left femoral vein at a rate of 
10ug/kg/min. 

The time, ventricular premature contractions (VPC) ventricular fibrillation (VP) and cardiac arrest (CA) appeared 
on ECG, were measured, and the cumulative ouabain dosage to induce ventricular premature contractions. 

39 
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ventricular fibrillation and cardiac arrest, respectively, was calculated. 
The results are summarized in Table 1. 

Example 2 

Mongrel dogs of either sex, weighing 8-20 kg, were anesthetized with pentobarbitone sodium, 30mg/kg. 
The lead II ECG, atrial electrogram from catheter tip electrodes in the right atrium, and blood pressure were 
continuously recorded. Ouabain 40 ug/kg was injected intravenously and with an additional 10 ug/kg every 20 
min until stable ventricular arrhythmias were produced. The severity of arrhythmia was expressed by the 
arrhythmic ratio i.e. number of ventricular ectopic beats divided by the total heart rate. The arrhythmic ratio was 
calculated for 60 min after bolus intravenous administration. 

The results are summarized in Table 2. 

Example 3 

Mongrel dogs of either sex, weighing 8-20 kg, were anaesthetized initially with thiopentone sodium. After 
incubation, 1.0% halothane, vaporized with 100% 02, was administered with volume limited ventilator. 
Adrenaline was infused through the left femoral vein at the rate of 2.5-5 ug/kg/min. After 3 min of adrenaline 
infusion, drugs were injected into the right femoral vein. The lead II ECG, atrial electrogram from catheter tip 
electrodes in the right atrium and blood pressure were continuously recorded. The severity of ectopic beats 
divided by the total heart rate. The arrhythmic ratio was calculated for 15 min after drug administration. 

The results are summarized in Table 3. 

Example 4 

Three mice were subjected to one group experiment. 
Drugs were administered with intraperitoneal injection in three mice 30min before deep chloroform anaesthesia,* 
If less than two mice displayed cardiac arrhythmia or tachycardia, above 200 beats/min, when exposed to deep 
chloroform anaesthesia, the drug was judged as having an antiarrhythmic effect. 

The results are summarized in Table 4. 



40 
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TABLE I 



55 . 





Dose 


VPC 


VF 


CA 


Compound # 


(mg/kg) 




( fx g/ke) 


(^/EAg) 


control 




153 


221 


324 


9 




169 


236 


294 


10 




166 


245 


304 


11 




163 


256 


304 


- 13 




169 


253 


299 


14 




144 


333 


416 


16 




172 


217 


273 


17 




184 


275 


380 


18 


1 


203 


330 


395 


20 




181 


366 


420 


21 


1 


163 


334 


393 


22 


1 


178 


346 


409 


23 


0.3 


142 


442 


499 


24 


1 


168 


250 


306 


25 


1 


155 


269 . 


326 


27 


1 


163 


255 


309 


28 


1 


150 


291 


348 


29 




159 


288 


344 


30 




145 


279 


358 


31 




113 


271 


349 


32 


I 


212 


308 


374 


33 




152 


606 


646 


34 




125 


556 


579 


35 




159 


342 


413 


36 


1 


149 


344 - 


399 


37 


1 


160 


298 


368 


38 


1 


175 


357 


427 


39 




254 


334 


422 


40 




170 


321 


372 


41 




152 


295 


357 


42 




225 


386 


454 


43 




203 


372 


469 


44 




205 


617 


656 


45 


1 


147 


335 


389 


46 


1 


180 


347 


431 


47 


I 


240 


265 


351 


48 




212 


247 


334 


. 49 




140 


311 


380 


51 




146 


259 


344 


52 




205 


441 


476 


53 




202 


398 


458 


54 




193 


264 


350 


55 




175 


320 


374 


56 


3 


187 


254 


309 


57 


1 


136 


280 


346 


58 


3 


174 


384 


448 


41 
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TABLE 1 (continued) 



Compound # 


Dose 


VPC 


VP 

f ,t ot\to\ 




59 




203 


JU / 


4iy 


60 


J 


186 




32$0 


61 




232 

*m J i0 




iDO 


62 


1 






454 


63 




21 1 




398 


64 




121 




365 


65 




146 




Jol 


66 


3 


164 


7ft4 




67 




155 


lyj 


Z4j 


69 




185 


707 


Z/4 


70 




153 




43Z 


72 




171 


787 


jOj 


74 




182 




CO 

Zov 


75 




178 


7S7 




76 




196 


70S 


07/1 
Z/4 


77 




179 




'7 AO 

ioy 


78 




154 


770 


iiv 


79 




172 




'ICO 

355 


80 


2 




no 


383 


81 


2 




OA"? 


329 


82 


2 


160 


7ft< 


339 


83 


2 




ZOi 


305 


84 


2 


16R 


Z/ / 


lie 

335 


85 


2 




Z /U 


1 1 o 
315 


86 


2 


167 




Z9z 


87 


2 


199 


zou 


305 


88 


2 


185 




ilo 


89 


2 


204 


7^7 
Z^ / 


117 

Jiz 


90 


2 


178 

X / U 


77R 


7T2 
Z/J 


91 


2 




Zoo 


33o 


94 




178 

I/O 




357 


95 




174 

X / *T 


7A4 
Z04 


3U5 


96 


1 


178 


264 


312 


97 




134 


332 


397 


98 




160 


318 


370 


100 




185 


275 


355 


101 




161 


221 


293 


102 




163 


246 


297 


103 




184 


308 


351 


104 




168 


244 


311 


106 




199 


312 


362 



55 
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TABLE 2 



time after 
admi lustration 
(mill) 


/Vil uy UliUlLr IxaUU 

v^uiripounQ n 

'^nitcr/L'cr 


Compound #75 
JOOu^g 


0 




1.00 




1 r\f\ 
l.LHJ 


0.80 


4 


l.CX) 


n 71 


6 


0.60 


0.41 


8 


0.77 


0.19 


10 


0.50 


0.19 


12 


0.50 


0.43 


15 


0.50 


0.43 


20 


0.00 


0.38 


30 


0.00 


0.45 


60 


0.00 


0.45 



TABLE 3 



time after 


Arrhythmic Ratio 




administration 


Compound #23 


Compound #75 


(min) 


lOug/kg 


300ug/kg 


0 


LOO 


1.00 


2- 


0.80 


0.66 


4 


0.50 


0.41 


6 


0.00 


0.18 


8 


0.00 


0.08 


10 


0.00 


0.07 


12 


0.00 


0.07 


15 


0.00 


0.00 


TABLE 4 


Compund # 


minimam effective 






dose (mg/kg) 





107 


100 


108 


50 


109 


100 


110 


100 


111 


100 


112 


100 


113 


10 


114 


25 


115 


50 
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Claims 

1. A piperidine derivative of general formula (I) or a pharmaceutically acceptable salt thereof: 




O 



45 



50 



55 
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H H 




H H H 



\ 



10 



15 



20 



25 



30 or 



H 



H 



H 




\ 



\ 



35 



X is selected from: H u 

Y . Y"- 



40 



45 



O H 
II 

o 



H 



NH 
\ 



H 
N 



Y 



50 



55 



I 

.c=c. 



R3 



R2 or CN 
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t 

wherein and R2 are the same or different and are independently selected from hydrogen, methyl, ethyl, 
or propyl; R3 is hydrogen, alkyi of from 1 to 12 carbon atoms, or aryl of from 6 to 12 carbon atoms; 
Q is phenyl, cyciohexyt, piperidinyl. tetrahydropyranyl. pyridyl. pyrrolyl, N-m ethyl pyrrol yl. thienyl. furyl, 1- 
hexyl, or cyano; 

5 from 1 to 3 hydrogen atoms in Q may be independently substituted by alkyI of from 1 to 3 carbon atoms, 

perfluoroalkyi of from 1 to 3 carbon atoms, acylamino of from 1 to 6 carbon atoms, perfluoroacylamino of 
from 1 to 3 carbon atoms, alkoxy of from 1 to 3 carbon atoms, alkanesulfonylamino of from 1 to 3 carbon 
atoms, perfluoroalkanesulfonylamino of from 1 to 3 carbon atoms, acetoxy of from 1 to 3 carbon atoms, 
aminocarbonyl, aminosulfonyl, fluoro, chloro, cyano, hydroxy, nitro, amino, imidazolylmethyl. cin- 

10 namoylamino, p-fluoro benzoyl, cyanomethyl, cyanoethyl, methoxyacetoxy, alkoxycarbonyl of from 1 to 3 

carbon atoms: 

1 is an integer of from 0 to 1; 
m is an integer of from 0 to 1; 
n is an integer of from 0 to 6. 

15 

2. A piperidine derivative or phanmaceutically acceptable salt thereof according to claim 1 for use in the treat- 
ment of cardiac arrhythmia. 

3. A piperidine derivative according to claim 1 which is any one of compounds 1 to 115 identified herein, or 
20 a pharmaceutically acceptable salt thereof. 

4. A composition for treating cardiac arrhythmia comprising a mixture of a piperidine derivative or. phar- 
maceutically acceptable salt thereof according to claim 1 and a pharmaceutically acceptable vehicle, 
diluent, carrier, extender, binder, swelling agent, lubricating or wetting agent, antiseptic, stabilizer, buffer, 

25 antioxident, sweetener or flavour. 

5. A composition according to claim 4 in unit dosage fomn. 

6. A composition according to claim 5, containing from 0.2 to 500 mg of the piperidine derivative or phar- 
30 maceutlcally acceptable salt thereof. 

7. A composition according to any one of claims 4 to 6 in the form of a tablet, capsule, elixir, or a sterile solution 
or suspension. 

35 8. Use of a piperidine derivative or a phanmaceutically acceptable salt thereof according to claim 1 in the 
treatment of cardiac arrhythmia. 

9. Use of a piperidine derivative or a phanmaceutically acceptable salt thereof according to claim 1 in the 
preparation of an antiarrhythmic agent. 

40 

10. A method of reducing or eliminating cardiac arrhythmia, comprising administering orally or parenterally 
an effective amount of a piperidine derivative or pharmaceutically acceptable salt thereof according to 
claim 1. 

45 11. A method according to claim 10. in which the administration is an oral administration of a daily dose of 
from 0.001 to 2000 mg of the piperidine derivative or phanmaceutically acceptable salt thereof. 

12. A method according to claim 10. in which the administration is a parenteral administration of a daily dose 
of from 0.001 to 1000 mg of the piperidine derivative or pharmaceutically acceptable salt thereof. 



50 



13. A method according to claim 10, in which the administration is,of a unit dose of from 0.001 to 500 mg of 
the piperidine derivative or pharmaceutically acceptable salt thereof. 



55 
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FIELD OF THE INVENTION 

The present invention relates to imidazopyridine derivatives and their use. Particularly, it relates to 
innidazo[1 ,2-a]pyridine derivatives which are useful as medicines and a calmodulin inhibitor containing the 
5 same. 

BACKGROUND OF THE INVENTION 

Recently, various cerebrovascular or cardiovascular ischemic diseases have been increased with 

10 increasing in population of people of advanced age. At present, as one of medicines for treating these 
diseases, a calcium channel blocker has been widely used clinically and. therefore, cerebrovascular 
disorders caused by hypertension are decreased. However, it is said that cardiac ischemic disorders are not 
decreased, and development of medicines having superior mechanism of activities has been desired. 

On the other hand, it has been reported that chlorpromazine having an inhibitory activity to calmodulin 

75 which is an intracellular calcium-binding protein is effective for experimental ischemic disorders [G.E. 
Thomas, S. Levitsky and H. Feinberg, J. Med. Cell Cardiol., 15. 621 (1983); JJ. Dahlager and T. Bilde, 
Scand. J. Urot Nephrol., 10. 126 (1976); and K.R. Chien. J. Adams. R.G. Pfan and J.L. Farber, Am. J. 
Pathol... 88, 539 (1977)], and it is also said that calmodulin plays an important role in ischemic disorders 
[S.W. Schaffer, R.S. Roy and J.M. McMcord, Eur. Heart J., 4 (Suppl. H), 81 (1983)]. However, 

20 phenothiadines such as chlorpromazine have a strong central depressant activity and. therefore, there is a 
drawback in the use thereof as a medicine for circulatory system. Therefore, development of a more 
superior calmodulin inhibitor has been desired. 

There are lot of reports relating to imidazo[1 ,2-a]pyridine derivatives. However, there is few reports 
about pharmacological activities of compounds wherein a hydrocarbon having a functional group is bound at 

25 the 5-position through S, S(0), S(0)2, O or N. For example. European Patent Application P87108189.9 
reports such compounds as starting materials for synthesis of cephem compounds. Japanese Patent Laid 
Open Publication Nos. 277393/1987 and 10792/1988 report them as cephem compounds. EP-A-6614 and 
DE2820938 report them as hypotensors. However, none of them discloses calmodulin inhibitory activity. 

30 OBJECTS OF THE INVENTION 

Under these circumstances, the present inventors have intensively studied about activities and synthe- 
sis of imidazo[1 .2-a]pyridine derivatives wherein a hydrocarbon group having a functional group is bound at 
the 5-position through S, S(0), S(0)2. O or N. As a result, certain derivatives having excellent calmodulin 
35 inhibitory activities have been found. Thus, the present invention has been completed. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a calmodulin inhibitory composition comprising a 
40 compound of the formula (I): 



50 wherein X is S. S(0). S(0)2. O or NR^ (wherein R^ is a hydrogen or an optionally substituted hydrocarbon 
group); A is a divalent Ci-is hydrocarbon group which may contain an ethereal oxygen at any possible 
position and may have a substituent at a branched part of the hydrocarbon group; B is an acylated amino 
group or an acylated or etherified hydroxyl group and the nitrogen atom of the amino group of B may form 
a ring together with the carbon atom of A or R^; R' and R^ are the same or different and are hydrogen, an 

55 optionally substituted hydrocarbon group, halogen, nitro group, nitroso group, an optionally protected aniino 
group, a lower alkoxycarbonyl group or a lower alkyi carbamoyl group, or a salt thereof (including a 
solvate). 



45 




(I) 



X-A-B 
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DETAILED DESCRIPTION OF THE INVENTION 

In the formula (I), X is S. S(0), S(0)2. O or NR^ (wherein R^ is a hydrogen or an optionally substituted 
hydrocarbon group). Preferably. X is S or O. Examples of the optionally substituted hydrocarbon group 
represented by R^ include a lower alkyi group, an aralkyi group and the like. 

Examples of the divalent Ci-is hydrocarbon group which may contain an ethereal oxygen at any 
possible position and may have a substituent at a branched part of the hydrocarbon group represented by 
A include a group represented by the formula: 



wherein I. m and n are integers of 0 to 5, respectively; R*. R^. R^, R^, R^ and R^ are hydrogen, an 
optionally substituted lower alkyl. aralkyi or aryl group, respectively: and R* and R^. R^ and R^ or R^ and 
R3 may bind together to form a ring, or R* or R^ may bind together with RS or R^ to form a ring, a group 
represented by the formula: 

-CH2CH2OCH2CH2-, 

or a group represented by the formula: 



wherein o and p are integers of 0 to 5, respectively. 

Examples of the optionally substituted hydrocarbon group represented by R^ and R^ include an 
optionally substituted tower alkyl. aralkyi or aryl group. 

Examples of the acylated amino group represented by B include a group represented by the formula: 
.MR10R11 [wherein is hydrogen, an optionally substituted alkyl. aralkyi or aryl group, or a group 
represented by the formula: -CO-R^^ (wherein R^^ jg hydrogen, or an optionally substituted alkyl, aralkyi or 
aryl group). -S02R'3 (wherein R^^ ^^ g^, optionally substituted alkyl, aralkyi or aryl group). -C0-NR^*R^5 . 
(wherein R'* and R^^ are hydrogen, or an optionally substituted alkyl, aralkyi or aryl group and R^* and R'^ 
may bind together to form a ring) or -CS-NR'*R^5 (wherein R^* and R^^ g^e as defined above): R'^ is a 
group represented by the formula: -CO-R'^ (wherein R^^ is an optionally substituted alkyl, aralkyi or aryl 
group, -CO-OR^° (wherein R^^ is as defined above). -SO2R'' (wherein R^^ jg an optionally substituted alkyl, 
aralkyi or aryl group). -C0-NR'*R^5 (wherein R'* and R^^ are as defined above) or -CS-NR^^R^s (wherein 
R^* and R^^ are as defined above); and R^^ may bind together with R3. R*. R^, RS, f{^\ R^s R^^ to form 
a ring]. Examples of the acylated or etherificated hydroxyl group include a group represented by the 
formula: -0-R^^ [wherein R^^ jg gn optionally substituted alkyl, aralkyi or aryl group, or a group represented 
by the formula: -C0-NRi*R'5 (wherein R^* and R^^ 35 defined above) or -CO-R'^ (wherein R^^ is an 
optionally substituted alkyl. aralkyi or aryl group]. 

As the lower alkyl group in each , substituent in the formula (I), for example, there is a straight or 
branched alkyl group having 1 to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like. The alkyl group may have an unsaturated bond and, as the 
unsaturated alkyl group, for example, there are an alkenyl group having 2 to 6 carbon atoms such as vinyl, 
allyl. 2-butenyl, 3-butenyl and the like. The lower alkyl group may have 1 to 4 substituents such as halogen, 
nitro. amino, lower alkylamino, cyclic amino, lower alkoxy, aryloxy. carbamoyl, cyano, hydroxy, carboxy, 
lower alkoxycarbonyl. lower alkoxycarbamoyi and the like. Examples of halogen include fluorine, bromine, 
chlorine and iodine. 

Examples of the lower alkylamino group as the above substituent include a N-monoalkylamino group of 
which alkyl moiety has 1 to 6 carbon atoms such as methylamino. ethylamino, propylamino, butylamino and 
the like, and a N.N-dialkylamino group of which alkyl moiety has 1 to 6 carbon atoms such as 




R 
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dimethylamino, diethylamino, dibutylamino, methylethylamino and the like. 

Examples of the cyclic amino group as the above substituent include a 4 to 7 membered cyclic amino 
group such as N-pyrrolidinyl, piperidino, piperazinyl, morpholino. homopiperazino and the like. 

Examples of the lower alkoxy'grbup as the above substitutent include a straight or branched alkoxy 
5 group having 1 to 6 carbon atoms such as methoxy. ethoxy. propoxy, isopropoxy, butoxy, pentoxy and the 
like. 

Examples of the aryloxy group as the above substituent include a Cs-io aryloxy group such as 
phenoxy, 1-naphthoxy, 2-naphthoxy group and the like. 

Examples of the lower alkoxycarbonyl group as the above substituent include an alkoxycarbonyl group 
10 of which alkoxy moiety has 1 to 6 carbon atoms such as methoxycarbonyl. ethoxycarbonyl propoxycar- 
bonyl, butoxycarbonyl and the like. 

Examples of the lower alkylcarbamoyi group as the above substituent include a N-monoalkylcarbamoyI 
group of which alkyi moiety has 1 to 6 carbon atoms such as methylcarbamoyi, ethylcarbamoyi, propylcar- 
bamoyl. butylcarbamoyi and the like, and a N,N-dialkylcarbamoyl group of which alkyt moiety has 1 to 6 
75 carbon atoms such as dimethylcarbamoyl. diethyfcarbamoyi, dibutylcarbamoyi, methylethytcarbamoyl and 
the like. 

As the alkyI group in the formula (1). for example, there are a straight or branched alky! group having 1 
to 30, preferably 1 to 10 carbon atoms such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 
nonyl, decyl, undecyl, tridecyl, tetradecyl. pentadecyl. hexadecyl. heptadecyl. octadecyl. nonadecyl, 
20 eicosanyl, heneicosanyl, docosanyl, tricosanyl. tetracosanyl, pentacosanyl. hexacosanyl, heptacosanyl, 
octacosanyl. nonacosanyl, triacontanyl. farnesyl, dihydrophytyl and the like; a cycloalkyi group having 3 to 8 
carbon atoms such as cyclopropyl. cyclobutyl, cyclopentyl. cyclohexyl, cycloheptyl, cyclooctyl and the like; 
an saturated bicyclic hydrocarbon group formed by binding 5 to 8 membered rings to each other such as 
norbornyl, bicyclo(2.2.2.]octyl, bicycIo[3.3.1 ]nonyl, bicyclo[3.3.0]octyl, perhydropentalenyl, perhydroindenyl, 
25 perhydroazulenyl. perhydrocyclopentacyclooctenyl. perhydronaphthyl, perhydrobenzocycloheptenyl. per- 
hydrobenzocyclooctenyl. perhydroheptalenyl, perhydrocycloheptacyclooctenyl and the like; and a saturated 
tricyclic hydrocarbon group formed by binding 5 to 8 membered rings to each other such as adamantyl- 
perhydroindacenyl (as. s), perhydroacenaphthylenyl, perhydrophenanthryl. perhydroanthryl and the like. 
The above alkyI group may have an unsaturated bond, and examples of the alkyI having an unsaturated 
30 bond include an alkenyl group having 2 to 30 carbon atoms such as vinyl, allyl, 9-octadecenyl and the like; 
a cycloalkenyl group having 5 to 8 carbon atoms such as cyclopentenyl, cyclohexenyl and the like; an 
unsaturated bicyclic hydrocarbon group such as bicyclo[2.2.2]oct-2-enyl, indanyl (e.g. 1-indanyl, 2-indanyl, 
etc.), indenyl (e.g. 1H-inden-1-yl, 1 H-inden-2-yl. 1 H-inden-3-yl, etc.), dihydronaphthyl (e.g. 1 ,2-dihydro-1- 
naphthyl, 1 .2-dihydro-2-naphthyl, etc.). tetrahydronaphthyl (e.g. 5.6,7.8-tetrahydro-1 -naphthyl. 5,6,7,8- 
35 tetrahydro-2-naphthyl, etc.), SH-benzocycloheptenyl (5H-5-benzocycloheptenyl. 5H-8-benzocycloheptenyl, 
etc.). dihydro-5H-benzocycloheptenyl (e.g. 6.7-dihydro-5H-8-benzohydrocycloheptenyl. etc.). tetrahydroben- 
zocyclooctenyl (e.g. 5,6.7.8-tetrahydro-9-benzocyclooctenyl. etc.) and the like; and an unsaturated tricyclic 
hydrocarbon group such as acenaphthenyl (e.g. 1-acenaphthenyl, etc.). tetrahydroanthryl (e.g. 1,2,3.4- 
tetrahydro-1-anthryl. etc.) and the like. 
40 The above alkyI group having 1 to 30 carbon atoms and alkenyl group having 2 to 30 carbon atoms 
may be substituted with about 1 to 4, preferably 1 or 2 substituents such as cycloalkyi group having 3 to 8 
carbon atoms (e.g., cyclopropyl, etc.), phenyl, naphthyl, halogen (e.g., Br, CI, etc.), cyano, oxo, lower alkoxy 
group having 1 to 6 carbon atoms and the like. The phenyl group as the substituent for the alkyI and alkenyl 
group may be substituted with 1 to 4 substituents such as lower alkyI group having 1 to 6 carbon atoms. 
45 lower alkoxy group having 1 to 6 carbon atoms, hydroxy, nitro. halogen and the like. 

The cycloalkyi group, bicyclic hydrocarbon group, tricyclic hydrocarbon group and groups having an 
unsaturated bond thereof included in the alkyI group may be substituted with 1 to 4. preferably 1 or 2 
substituents such as lower alkyI group, halogeno lower alkyI group, hydroxy lower alkyI group, acyloxy 
lower alkyI group, lower alkoxy-lower alkyI group, lower alkoxy group, halogeno lower alkoxy group, lower 
50 alkoxycarbonyl-lower alkoxy group, lower alkenyloxy group, aralkyloxy group, lower alkoxy-lower alkoxy 
group, lower alkoxycarbonyl group, carboxy group, carbamoyl group, N.N-di lower alkylcarbamoyi group. N- 
lower alkylcarbamoyi group, halogen, cyano, nitro, hydroxy, acyloxy group, amino group, lower alkylsul- 
fonylamino group, acylamino group, lower alkoxycarbonylamino group, acyl group, mercapto, lower alkylthio 
group, lower alkylsulfinyl group, lower alkylsulfonyl group, oxo and the like. When they are substituted with 
55 2 or more substituents, the substituents may be the same or different. 

Examples of the lower alkyI group as the above substituent include an alkyI group having 1 to 6 carbon 
atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl and the like. 

As the halogeno lower alky I group, for example, there is an alkyI group having 1 to 6 carbon atoms 
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which is substituted with 1 to 3 halogen atoms such as trifluoromethyl. fluoromethyl. chloroethyl, fluoroethyl 
and the like. 

As the hydroxy lower alkyi group, for example, there is a hydroxyalkyi group having 1 to 6 carbon 
atoms such as hydroxymethyl, hydroxyethyl, hydroxypropyl. hydroxybutyl and the like. 
5 As the acyloxy lower alkyI group, for exampe. there is an alkyI group having 1 to 6 carbon atoms which 

is substituted with a lower alkanoyloxy or benzoyloxy group having 2 to 6 carbon atoms such as 
acetoxyethyl, benzoyloxyethyl and the like- 
As the lower alkoxy-lower alkyI group, for example, there is an alky! group having 1 to 6 carbon atoms 
which is substituted with an alkoxy group having 1 to 6 carbon atoms such as methoxyethyl, ethoxyethyl, 
70 propoxyethyl, butoxyethyl. methoxypropyl, methoxybutyl, ethoxypropyl. ethoxybutyl and the like. 

As the lower alkoxy group, for example, there is an alkoxy group having 1 to 6 carbon atoms such as 
methoxy, ethoxy. propoxy, isopropoxy. butoxy, isobutoxy, sec-butoxy, tert-butoxy and the like. 

As the halogeno lower alkoxy group, for example, there is an alkoxy group having 1 to 6 carbon atoms 
which is substituted with 1 to . 3 halogen atoms such as chloroethoxy. fluoroethoxy, difluoroethoxy. 
75 trifiuoroethoxy, chloropropoxy. chlorobutoxy and the like. 

As the lower alkoxycarbonyl-lower alkoxy group, for example, there is an alkoxy group having 1 to 6 
carbon atoms which is substituted with an alkoxycarbonyl group of which alkoxy moiety has 1 to 6 carbon 
atoms such as methoxycarbonylmethoxy, ethoxycarbonylmethoxy. butoxycarbonylmethoxy, methoxycar- 
bonylpropoxy, ethoxycarbonylethoxy and the like. 
20 As the lower alkenyloxy group, for example, there is an alkenyloxy group having 2 to 6 carbon atoms 

such as vinyloxy, allyloxy. butenyloxy and the like. 

As the aralkyloxy group, for example, there is a phenyl lower alkyloxy group of which lower alky! moiety 
has 1 to 6 carbon atoms such as benzyloxy, phenethyloxy, 3-phenylpropyloxy, -a-methylphenethyloxy, a- 
methylbenzyloxy, a-ethylbenzyloxy. j3-ethylphenethyloxy, ;S-methylphenethyloxy and the like. 
25 As the lower alkoxy-lower alkoxy group, for example, there is an alkoxy group having 1 to -6 carbon 

atoms which is substituted with an alkoxy group having 1 to 6 carbon atoms such as ethoxymethoxy, 
methoxyethoxy, butoxyethoxy, ethoxypropoxy and the like. 

As the lower alkoxycarbonyl, for example, there is an alkoxycarbonyl group having 1 to 6 carbon atoms 
of which alkoxy moiety has 1 to 6 carbon atoms such as methoxycarbonyl, ethoxycarbonyl, propoxycar- 
30 bonyl. butoxycarbonyl and the like. 

. As the N,N-di tower alkytcarbamoyi group, for example, there is a N.N-dialkylcarbamoyI group of which 
alkyI moiety has 1 to 6 carbon atoms such as N.N-dimethylcarbamoyl. N,N-diethylcarbamoyl, N.N- 
dipropylcarbamoyl, N,N-dibutylcarbamoyl, N-ethyl-N-methylcarbamoyI and the like and a N,N-di lower 
alkylcarbamoyi group of which alkyI moieties bound together to form 5 or 6 membered ring structure (e.g. 
35 N-pyrrolidinylcarbonyl, piperidinocarbonyl, etc.). 

As the N-lower alkylcarbamoyi group, for example, there is a N-alkylcarbamoyI group of which alkyI 
moiety has 1 to 6 carbon atoms such as N-methylcarbamoyI, N-ethylcarbamoyI, N-propylcarbamoyI, N- 
butylcarbamoyl and the like. 

Examples of halogen include chloro, fluoro, bromo, and lodo. 
40 As the acyloxy group, for example, there is an alkanoyloxy group having 2 to 6 carbon atoms such as 
acetoxy, propanoyloxy, butyloxy, pivaloyloxy and the like, and benzoyloxy group. 

As the lower alkylsulfonylamino group, for example, there is an alkylsulfonylamino group having 1 to 6 
carbon atoms such as methanesulfonylamino, ethanesulfonylamino and the like.. 

As the acylamino group, for example, there is an alkanoylamino having 2 to 6 carbon atoms such as 
45 acetamide, propanoylamino, butylylamino, pivaloylamino and the like, and benzamide group. 

As the lower alkoxycarbonylamino group, for example, there is an alkoxycarbonylamino group of which 
alkoxy moiety has 1 to 6 carbon atoms such as methoxycarbonylamino. ethoxycarbonylamino. propoxycar- 
bonylamino, butoxycarbonylamino and the like. 

As the acyl group, for example, there is an alkanoyl group having 2 to 6 carbon atoms such as acetyl, 
50 propanoyi, butylyl, pivaloyl and the like, and benzoyl group. 

As the lower alkylthio group, for example, there is an alkylthio group hvaing 1 to 6 carbon atoms such 
as methylthio. ethylthio. propylthio. butylthio and the like. 

As the lower alkylsulfinyl group, for example, there is an alkylsulfinyl group having 1 to 6 carbon atoms 
such as methylsulfinyl. ethylsulfinyl, propylsulfinyl, butylsulfinyl and the like. 
55 As the lower alkylsulfonyl, for example, there is an alkylsulfonyl having 1 to 6 carbon atoms such as 

methylsulfonyl. ethylsulfonyl, propylsulfonyl, butylsulfonyl and the like. 

As the aralkyi group in the formula (I), for example, there is a phenyl lower alkyI group of which alkyI 
moiety has 1 to 6 carbon atoms such as benzyl, phenethyl, 3-phenylpropyl, 4-phenylbutyl and the like, and 
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a naphthyl-lower alkyi of which alkyi moiety has 1 to 6 carbon atoms such as (l-naphthyl)methyl. 2-(1- 
naphthyl)ethyl, 2-(2-naphthyl)ethyl and the like. 

The phenyl moiety of the phenyl-lower alkyi group and the naphthyl moiety of the naphthyl lower alkyi 
group may be substituted with 1 to 4 substituents such as halogen, lower alkyi group, lower alkoxy group, 
5 nitro, cyano. hydroxy, lower alkoxycarbonyi group, carbamoyl group, lower alkylcarbamoyi group and the 
like. 

Examples of halogen include fluoro, bromo, chloro and iodo. As the lower atkyi group, for example, 
there is the same lower alkyi group as that in the above formula (1). 

As the lower alkoxy group, for example, there is a straight or branched alkoxy group having 1 to 6 
10 carbon atoms such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, pentoxy and the like. 

As the lower alkoxycarbonyi group, for example, there is an alkoxycarbonyi group having 1 to 6 carbon 
atoms such as methoxycarbonyl. ethoxycarbonyl, propoxycarbonyl. butoxycarbonyl and the like. 

As the lower alkylcarbamoyi group, for example, there is a N-alkylcarbamoyI group of which alkyl 
nrioiety has 1 to 6 carbon atoms such as methylcarbamoyi, ethylcarbamoyi, propylcarbamoyi, butylcar- 
;5 bamoy.l and the like, and a N,N-dialkylcarbamoyt group of which alkyl moiety has 1 to 6 carbon atoms such 
as dimethylcarbamoyt, diethylcarbamoyi, dibutylcarbamoyi, methylethylcarbamoyi and the like. 

As the aryl group in the formula (1). that having 4 to 24 carbon atoms is preferred. For example, there is 
an aromatic monocyclic, bicyclic or tricyclic hydrocarbon group such as phenyl, 1 -naphthyl, 2-naphthyl, 
phenanthryl, anthryl and the like, and an aromatic monocyclic or bicyclic heterocyclic group such as thienyl, 
20 furyl, benzothienyl, benzofuranyl and the like. 

The aryl group may be substituted with 1 to 4, preferably 1 or 2 substituents such as halogen, lower 
alkyl group, lower alkoxy group, nitro, cyano, oxo, hydroxy, amino, lower alkoxycarbonyi group, carbamoyl, 
lower alkylcarbamoyi group and the like. 

Examples of halogen include fluoro, bromo, chloro and iodo. 
.25 As the lower alkyl group, for example, there is an alkyl group having 1 to 6 carbon atoms, or the lower 
alkyl group may have an unsaturated bond. 

As the lower alkyl group having an unsaturated bond, for example, there is a lower alkenyl group having 
2 to 6 carbon atoms. 

As the alkyl group having 1 to 6 carbon atoms and the lower alkenyl group having 2 to 6 carbon atoms, 
30 for example, there is the same group as the lower alkyl group in the above formula (I). 

Examples of the lower alkoxy group include an alkoxy group having 1 to 6 carbon atoms, examples of 
the lower alkoxycarbonyi group include an alkoxycarbonyi group of which alkoxy moiety has 1 to 6 carbon 
atoms, arid examples of the lower alkylcarbamoyi group include a N-alkylcarbamoyl group of which alkyl 
moiety has 1 to 6 carbon atoms and a N,N-dialkylcarbamoyl group of which alkyl moiety has about 1 to 6 
35 carbon atoms. Examples of these groups include the same groups as the lower alkoxy, lower alkoxycar- 
bonyi and lower alkylcarbamoyi substitutents of the phenyl moiety in the above aralkyi group. 

As the aryl group containing oxo, for example, there are benzoquinolyi, naphthoquinolyl, anthraquinolyl 
and the like. 

Examples of halogen in and include fluoro, bromo, chloro and iodo. 
40 As the lower alkoxycarbonyi group and the lower alkylcarbamoyi group in R^ and R^, for example, there 
is the same groups as the lower alkoxycarbonyi and lower alkylcarbamoyi substituents on the phenyl 
moiety of the above aralkyi group. 

Examples of the group wherein and R^ are bound together to from a ring include that a group 
represented by the formula: 

45 

^(CH2)q--^ 

50 

wherein q is 2 or 3, and A is as defined above. 

Examples of the group wherein R^° is bound with R*. R^ or to form a ring include a group 
represented by the formula: 

55 
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(CHj)^-" , \cH2)r^ 

-CH,CH-,-( ^ NR-'^-'- 

\(CH2)/ 

w 

wherein q and r are 2 or 3, respectively; and R^^ is as defined above. 

Examples of the group wherein -NR-^R^^ forms a ring in B include a group represented by the formula: 



75 



20 



25 



30 



35 



40 



0- C>- Q- A- 

0 / 0,0/ 

Cje>- CO- Cd- 




V ~J0 -Q 

/ 0 / 



and the like. 

The above hetero ring may be substituted with 1 to 4, preferably 1 or 2 substituents such as lower alkyi 
group, halogeno lower alkyI group, hydroxy lower alkyI group, acyloxy lower alkyI group, lower alkoxy-lower 
45 alky! group, lower alkoxy group, halogeno lower alkoxy group, lower alkoxycarbonyl-lower alkoxy group, 
lower alkenyloxy group, aralkyloxy group, lower alkoxy-lower alkoxy group, lower alkoxycarbonyl group, 
carboxy group, carbamoyl group, N,N-dl lower alkylcarbamoyt group. N-lower alkylcarbamoyi group, 
halogen, cyano. nitro. hydroxy, acyloxy group, amino, tower alkylsulfonylamino group, acylamino group, 
lower alkoxycarbonylamino group, acyl group, mercapto group, lower alkylthio group, lower alkylsulfinyl 
50 group, lower alkylsulfonyl group, oxo and the like. When they are substituted with 2 or more substituents. 
the substituents may be the same or different. 

Examples of the lower alkyl group as the above substituent include an alkyl group having 1 to 6 carbon 
atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl. sec-butyl, tert-butyi and the like. 

As the halogeno lower alkyl group, for example, there is an alkyl group having 1 to 6 carbon atoms 
55 which is substituted with 1 to 3 halogens such as trifluoromethyl, fluoromethyl, chloromethyl. chloroethyl, 
fluoroethyl and the like. 

As the hydroxy lower alkyl group, for example, there is a hydroxyalkyi group having 1 to 6 carbon 
atoms such as hydroxymethyl, hydroxyethyl, hydroxypropyl, hydroxybutyl and the like. 
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As the acyloxy lower alkyi group, for example, there is an atkyi group having 1 to 6 carbon atoms which 
is substituted with a lower alkanoyi having 2 to 6 carbon atoms or benzoyloxyethyl such as acetoxyethyl, 
benzoyloxyethyl and the like. 

As the lower alkoxy-lower alky I group, for example, there is an alky! group having 1 to 6 carbon atoms 
5 which is substituted with an alkoxy group having 1 to 6 carbon atoms such as methoxyethyl, ethoxyethyl, 
propoxyethyl, butoxyethyl, methoxypropyl. methoxybutyl, ethoxypropyl, ethoxybutyl and the like. 

As the lower atkoxy group, for example, there is an alkoxy group having 1 to 6 carbon atoms such as 
methoxy, ethoxy, propoxy, isopropoxy. butoxy, isobutoxy, sec-butoxy. tert-butoxy and the like. 

As the halogeno lower alkoxy group, for example, there is an alkoxy group having 1 to 6 carbon atoms 
70 which is substituted with 1 to 3 halogen atoms such as chloroethoxy, fluoroethoxy. difluoroethoxy. 
trifluoroethoxy. chloropropoxy, chlorobutoxy and the like. 

As the lower alkoxycarbonyl lower alkoxy group, for example, there is an alkoxy group having 1 to 6 
carbon atoms of which alkoxy moiety is substituted with an alkoxycarbonyl group having 1 to 6 carbon 
atoms such as methoxycarbonylmethoxy, ethoxycarbonylmethoxy. butoxycarbonylmethoxy, methoxycar- 
15 bonylpropoxy, ethoxycarbonylethoxy and the like. 

As the lower aikenyloxy group, for example, there is an alkenyloxy group having 2 to 6 carbon atoms 
such as vinyloxy, allyloxy, butenyloxy and the like. 

As the aralkyloxy group, for example, there is a phenyl lower alkyloxy group. of which lower alkyI moiety 
has 1 to 6 carbon atoms such as benzyloxy, phenethyloxy, 3-phenylpropyloxy, cr-methylphenethyloxy, o- 
20 methylbenzyloxy, a-ethylbenzyloxy, j3-ethylphenethyloxy. jS-methylphenethyloxy and the like. 

As the lower alkoxy-lower alkoxy group, for example, there is an alkoxy group having 1 to 6 carbon 
atoms which is substituted with an alkoxy group having 1 to 6 carbon atoms such as ethoxymethoxy, 
methoxyethoxy, butoxyethoxy, ethoxypropoxy and the like. 

As the lower alkoxycarbonyl, for example, there is an alkoxycarbonyl group of which alkoxy moiety has 
25 1 to 6 carbon atoms such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl and the 
like. 

As the N,N-di lower alkylcarbamoyl group, for example, there is a N,N-dialkylcarbamoyl group of which 
alkyI moiety has 1 to 6 carbon atoms such as N,N-dimethylcarbamoyl, N,N-diethylcarbamoyl, N.N- 
dipropylcarbamoyl. N,N-dibutylcarbamoyl. N-ethyl-N-methy!carbamoyl and the like and a N,N-di lower 
30 alkylcarbamoyl group of which alkyI moieties are bound together to form a 5 or 6 membered ring (e.g. N- 
pyrrolidinylcarbonyl, piperidinocarbonyl. etc.). 

As the N-lower alkylcarbamoyl group, for example, there is a N-alkylcarbamoyI group of which alkyI 
moiety has 1 to 6 carbon atoms such as N-methylcarbamoyI, N-ethylcarbamoyI, N-propylcarbamoyI, N- 
butylcarbamoyl and the like. 
35 Examples of halogen include chloro. fluoro, bromo and iodo. 

As the acyloxy group, for example, there is an alkanoyloxy group having 2 to 6 carbon atoms such as 
acetoxy, propanoyloxy, butylyloxy, pivaloyloxy and the like, and benzoyloxy group. 

As the lower alkylsulfonylamino group, for example, there is an alkylsulfonylamino group having 1 to 6. 
carbon atoms such as methanesulfonylamino, ethanesulfonylamino and the like. 
40 As the acylamino group, for example, there is an alkanoylamino group having 1 to 6 carbon atoms such 
as acetamide, propanoylamino, butylylamino, pivaloylamino and the like and benzamide group. 

As the lower alkoxycarbonylanriino group, for example, there is an alkoxycarbonylamino group of which 
alkoxy moiety has 1 to 6 carbon atoms such as methoxycarbonylamino, ethoxycarbonylamino, propoxycar- 
bonylamino. butoxycarbonylamino and the like. 
45 As the acyl group, for example, there is an alkanoyt group having 2 to 6 carbon atoms such as acetyl, 
propanoyl. butylyl, pivaloyi and the like and benzoyl group. 

As the lower alkylthio group, for example, there is an alkylthio group having 1 to 6 carbon atoms such 
as methylthio, ethylthio. propylthio. butylthio and the like. 

As the lower alkylsulfinyl group, for example, there is an alkylsulfinyl group having 1 to 6 carbon atoms 
50 such as methylsulfinyl. ethylsulfinyl, propylsulfinyl, butylsulfinyl and the like. 

As the lower alkylsulfonyl group, for example, there is an alkylsulfonyl group having 1 to 6 carbon 
atoms such as methylsulfonyl. ethylsulfonyl. propylsulfonyl, butylsulfonyl and the like. 

In -NRi*Ri5^ examples of the group wherein R^* and R^^ together with the adjacent nitrogen atom are 
bound together to form a ring include a 3 to 8 membered monocyclic heterocyclic group such as 1- 
55 aziridinyl. 1-azetidinyl, piperidino. perhydro-1-azepinyl, perhydro-l-azocynyl, morpholino, thiomorpholino. 1- 
piperazinyl. 3-thiazolidinyl and the like; a condensed bicyclic or bridged bicyclic heterocyclic group such as 
1-indolyl, perhydro-1-indolyl, 2-isoindolyl. perhydro-2-isoindolyl, 1 ,2,3,4-tetrahydro-1-quinolyl, 1,2.3,4- 
tetrahydro-2-isoquinolyl, perhydro-1-quinolyl. perhydro-2-isoquinolyl, 3-azabicyclo(3-2.2.)non-3-yl and the 
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like; a condensed tricyclic heterocyclic group such as 9-carba20lyl, 10-acridanyl, 




10,1 l-dihydro-5H-5-dibenz[b.f]a2epinyl, 5,6.11 ,12-tetrahydro-5-dibenz[b.f]a20cinyl. 1 .2,3,4-tetrahydro-9-car- 
bazolyl, 10-phenoxadinyl. 10-phenothiadinyI and the like. 

As the substituent of the above heterocyclic group, for example, there are the same groups as those of 

As the optionally protected amino group of R' and R^. for example, there are amino group, acylamino 
group and trimethylamino group, and examples of the acyl group "include the same groups as those of W\ 

As the ring formed by connecting R* with R^ or R° with R^. or RS with R^. for example, there are 
cyclopropyl. cyclobutyl, cyclopentyl, cyclohexyl and the like. 
20 As the ring formed by connecting R* or R^ with Rs or R^. respectively, for example, there are 

cyclopropyl, cyclobutyl, cyclopentyl. cyclohexyl and the like. 

The compound of the formula (I) forms a salt, for example, an acid addtion salt with an inorganic acid 
such as hydrochloric acid, hydrobromic acid, sulfuric acid, phophoric acid or the like, or an organic acid 
such as acetic acid, oxalic acid, methanesulfonic acid, maleic acid, fumaric acid, citric acid, tartaric acid, 
25 lactic acid or the like. 

Examples of a solvent of the solvate include alcohols such as methanol, ethanol, propanol, isopropanol 
and the like; ketones such as acetone and the like; ethers such as tetrahydrofuran, dioxane and the like. 

The compound of the formula <l) may contain an assymetric carbon in the molecule. When two kinds of 
stereoisomers of R-configuration and S-configuration are present, not only the separated isomers, but also a 
30 mixture thereof are included in the scope of the present invention. 

Among the connpounds represented by the formula (I), the compounds of the formula (I*): 



35 




(!• ) 



X-A-B^ 

wherein X. A. R^ and are as defined above and is an amino group acylated by an acyl group derived 
from carboxylic acid having 2 or more carbon atoms, sulfonic acid, carbamic acid or thiocarbamic acid; the 
compounds of the formula (r*): 



50 




(I") 



55 wherein X, A, R^ and R^ are as defined above and is an acylated amino group, and the nitrogen atom of 
the amino group of connects with the carbon atom of A or R3 to form a ring; and the compounds of the 
formula (1'"): 
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wherein X, A, and are as defined above and is a hydroxyl group acylated by an acyl group derived 
10 from carboxylic acid or N-hydrocarbon substituted carbamic acid; and acid addition salts and solvates of 

these compounds have not been described heretofore in the prior art. Therefore, the present invention also 

provides these novel compounds. 

As the amino group acylated by an acyl group derived from carboxylic acid having 2 or more carbon 

atoms, sulfonic acid, carbamic acid or thiocarbamic acid, there is, for example, a group of the formula: 
;5 -NR^^'R^^' [wherein R^°' is a hydrogen, or an optionally substituted alkyl. aralkyi or aryl group, or a group of 

the formula: -CO-R^^ -S02R^^ -CO-NR^*R^5 -CS-N-R^*R' = . R^^* is a group of the formula: -CO-R^^. 

-S02R'^ -C0-NR'''R'5 or -CS-NR^^R^^ (all other symbols are as defined above)]. R^°' is preferably 

hydrogen or, an optionally substituted alkyl, aralkyi or aryl group or, a group of the formula: -SOaR^^. -CO- 

NR^*R'^ or -CS-NR^*R^^ R^'* is preferably a group of the formula: -S02R'^ -CO-NR^^R^^ or -CS-NR^*R^^ 
20 Particularly. R^°" is hydrogen and R^^' is a group of the formula: -SOaR^^ (all the symbols are as defined 

above). 

Examples of the ring formed by connecting the nitrogen atom of the acylated amino group of with 
the carbon atom of A or R^ include the above rings formed by connecting R^° with R^, R*. R'* or R^. 

As the hydroxyl group acylated by an acyl group derived from a carboxylic acid or N-hydrocarbon 
25 substituted carbamic acid, there is. for example, a group of the formula: -O-CO-NR^^R^^ or -O-CO-R'^ - 
(wherein all the symbols are as defined above). 

B^ is preferably a group of the formula: -0-CO-NHR^^ (wherein R^^ is as defined above). 
Among the compounds of the formula (I), those wherein X is S or O, B is (1) an amino group acylated 
by an acyl group derived from a sulfonic acid, a carbamic acid or thiocarbamic acid, (2) a hydroxyl group 
30 acylated with an acyl group derived from a carboxylic acid or a carbamic acid, or (3) a ring formed by 
connecting the nitrogen atom of the acylated amino group of B with a carbon atom of A or R^. As the group 
B, an amino group acylated by an acyl group derived from a sulfonic acid is particularly preferred. 

The starting materials or intermediates used for the production of the end products represented by the 
formula (I) are easily produced by the known processes or the per se known processes. 
35 lmidazo[1 ,2-a)pyridine derivatives (I) and the salts thereof of the present invention can be synthesized 

for example, as follows: 

(A) When X is S, O or NR^ in the formula (I), a compound of the formula (II): 



40 




(II) 



wherein E is halogen such as chloro, bromo or iodo and the other substituents are as defined above, or a 
salt thereof reacts with a compound of the formula (III): 

H-X^-A-B (Ml) 

50 

wherein X^ is S, O or NR^ and the other symbols are as defined above, to give the compound (I). 
(B) When X is S or O in the formula (I), a compound of the formula (IV): 



55 
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(IV) 



wherein is S or O and the other symbols are as defined above, or a salt thereof reacts with a 
compound of the formula: 

10 

E'-A-B (V) 

wherein is a leaving group such as halogen {i.e. chloro, bromo. iodo, etc.), toluenesulfonyl group or 
methanesulfonyl group and the other symbols are as defined above, to give the compound (I). 
75 (C) When B is -NR^o-CO-NR^* R^^ -NR^o.qs-nri'^R^s -0-CO-NR^* R^sj^ the formula (I), a compound 
of the formula (VI): 



20 




{VI) 



25 

wherein is -O- or -NR^°- and the other symbols are as defined above, or a salt thereof reacts with a 
compound of the formula: 

Qi-NR^*R^s (VII) 

30 

• wherein is PhO-CO-, G-CO- or G-CS- (wherein Ph is a phenyl group and G is halogen such as chloro, 
- etc.) and the other symbols are as defined above, or a salt thereof, to give the compound (I). 

(D) When 8 is -NR^o-CO-NRi*R^5 -NR^o-CS-NR^^R^s -O-CO-NRi^R^s ^he formula (I), a compound 

of the formula (VIII): 

35 



40 




(VIII) 



wherein Q2 is OCN-, SCN-. PhO-CO-0-, G-CO-NR^°- or G-CO-O-and the other symbols are as defined 
45 above, or a salt thereof reacts with a compound of the formula (IX): 

HNRi*Ri5 (IX) 

wherein all the symbols are as defined above» or a salt thereof, to give the compound (I). 
50 (E) When X is S(0) or S(0)2 in the formula (I), a compound of the formula (la): 



55 




(la) 



S-A-B 
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10 



25 



30 



35 



40 



wherein all the symbols are as defined above, or a salt thereof reacts with an oxidizing agent, to give the 
compound (I). 

(F) When R2 is halogen such as chloro, bromo. iodo and the like in the formula (I), a compound of the 
formula (lb): 




(lb) 
X-A-B 



wherein all the symbols are as defined above, or a salt thereof reacts with a halogenating agent, to give 
75 the compound (I). 

(G) When R2 is nitro in the formula (I), a compound of the formula (lb), or a salt thereof is nitrated to 
obtain the compound (I). 

(H) When is a nitroso group in the formula (I), a compound of the formula (lb) or a salt thereof is 
nitrosated to give the compound (I). 

20 (0 When R2 is CHsR^^ (wherein R^^ is a lower dialkylamino group or a cyclic amino group) in the formula 
. (I), the compound (I) is prepared by, for example, the following reaction: 



HCHO,R»^-H 
Clb) > CI) 



(J) a compound of the formula (X): 



B-A-X 




(X) 



wherein all the symbols are as defined above, or a salt thereof reacts with a compound of the formula 
(XI): 

R^-CO-CHE-R2 (XI) 

wherein the symbols are as defined above, to give the compound (I). 

(K) When R^^ is COR^^ in the formula (I), a compound of the formula (XII): 



45 



50 




(XII) 



X-A-N 



wherein the symbols are as defined above, or a salt thereof reacts with a compound of the formula (XIII): 
55 G^-CO(0)q-Ri^ (XIII) 

wherein is halogen such as chloro. etc. or R^^(0)g-CO-0-(wherein q is 0 or 1) and the other symbols 
are as defined above, to give the compound (I). 
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(L) The compound (XII) or a salt thereof is reacted with a compound of the formula (XIV): 
G2-S02R^' (XIV) 

5 wherein is halogen such as chloro, etc, or R^75Q20- and the other symbols are as defined above, to 
give the compound (I). 

(M) When is an amino group in the formula (I), reduction of a compound of the formula (I) wherein R^ 
is nitro or nitroso. or a salt thereof gives the compound (I) wherein R^ is an amino group. In the case of a 
protected amino group, the amino group is further acylated or tritylated. 
70 In the above processes A to M. a compound which can form a salt may be used in the salt form, and 
examples of such a salt include those as described in the above compound (I). In the following explanation 
of the processes A to M, a salt of each compound may be included. 

The reaction of the compound (II) with the compound (III) in the process A can be conducted at -10 ' C 
to +200 C in a solvent in the presence of a basic compound such as sodium hydroxide, potassium 
15 hydroxide, sodium hydride, potassium carbonate or the like by using 1 equivalent to extremely excessive 
amount (1 to 10 equivalents) of the compound (III) per 1 equivalent of the compound (II). Examples of the 
solvent to be used include water; lower alcohols such as methanol, ethanol, propanol and the like; ketones 
such as acetone, methyl ethyl ketone and the like; ethers such as tetrahydrofuran and the like; and non- 
aprotic polar solvents such as N,N-dimethylformamide, diethylsulfoxide and the like. The reaction time is. 
20 normally 1 hour to 2 days, preferably 1 to 8 hours. 

The reaction of the compound (IV) with the compound (V) in the process B is conducted under 
conditions similar to those of the reaction of the compound (II) with the compound (III) in the process A. 

The reaction of the compound (VI) with the compound (VII) in the process C is conducted at -10° C to 
+ 150 C in the absence or presence of a solvent (e.g. ether, toluene, benzene, chloroform, dich- 
25 loromethane, dioxane, tetrahydrofuran. dimethylformamide. etc.). In order to promote the reaction, a tertiary 
amine (e.g. triethylamine, pyridine, diethylaminopyridine, N-methylpiperidine. etc.) can be added. The 
compound (VII) is used in an amount of 1 to 10 equivalents per 1 equivalent of the compound (VI). 

The reaction of the compound (VIII) with the compound (IX) in the process D is conducted under 
conditions similar to those of the raction of the compound (VI) with the compound (VIII) rn the process C. 
30 Further, when is -NCO-, boron trifluoride-ethyl ether (BFa'EtsO) can be added. The reaction time is 
normally 0.5 to 24 hours, preferably 0.5 to 6 hours. 

The oxidation of the compound (la) in the process E can be conducted at -30 to +100*C in the 
presence of a solvent by using 1 equivalent to extremely excess amount (1 to 10 equivalents) of an 
oxidizing agent per 1 equivalent of the compound (lb). Examples of the -solvent to be used include water, 
35 methanol, ethanol. dichloromethane, chloroform and the like. Examples of the oxidizing agent include m- 
chloroperbenzoic acid, sodium methaperiodate. hydrogen peroxide and the like. The reaction time is 
normally 0.5 hours to 2 days, preferably 0.5 to 12 hours. 

The reaction of the compound (lb) with a halogenating agent in the process F can be conducted at -20 
to +150 C in the absence or presence of a solvent by using 1 equivalent to extremely excess amount (1 to 
40 10 equivalents) of the halogenating agent per 1 equivalent of the compound (lb). Examples of the solvent to 
be used include halogenated hydrocarbons such as methylene chloride, chloroform, dichloroethane, carbon 
tetrachloride and the like; acetic acid; propionic acid; and the like. Examples of the halogenating agent 
include a halogen molecule such as chlorine, bromine and the like; N-halogenosuccinimide such as N- 
chlorosuccinimide, N-bromosuccinimide and the like. Further, a radical reaction initiator such as benzoyl 
45 peroxide or the like can" be added in the above reaction. The reaction time is normally 0.5 to 2 hours, 
preferably 1 to 12 hours. 

The nitration of the compound (lb) in the process (G) can be conducted at -20 to +100*C in the 
absence or presence of a solvent by using 1 equivalent to extremely excess amount (1 to 10 equivalents) of 
a nitrating agent per 1 equivalent of the compound (lb). Examples of the solvent to be used include acetic 
50 acid, acetic anhydride, sulfuric acid and the like. Examples of the nitrating agent include fuming nitric acid, 
cone, nitric acid, a mixed acid (a mixture of sulfuric acid, fuming nitric acid, phosphoric acid or acetic 
anhydride and nitric acid) and the like. The reaction time is normally 0.5 to 24 hours, preferably 0.5 to 6 
hours. 

The nitrosation of the compound (lb) in the process H can be conducted at -20 to +100*C in the 
55 absence or presence of a solvent by using 1 equivalent to extremely excess amount (1 to 10 equivalents) of 
a nitrosating agent per 1 equivalent of the compound (lb). Examples of the solvent to be used include water; 
lower fatty acids such as acetic actd, propionic acid and the like; ethers such as -tetrahydrofuran, dioxane 
and the like; aprotic polar solvents such as N.N-dimethylformamide. dimethylsulfoxide and the like. 
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Examples of the nitrosating agent include potassium nitrite, sodium nitrite and the like. The reaction is 
conducted in the presence of an acid such as hydrochloric acid, sulfuric acid, phosphoric acid, acetic acid 
or the like. The reaction time is normally 0.5 to 24 hours, preferably 0.5 to 6 hours. 

Mannich reaction of the compound (lb) with a lower dialkyiamine or a cyclic amine and formalin in the 
5 process I can be conducted at -20 to +100*C in the presence of a solvent by using l equivalent to 
e>ctremely excess amount (l to 10 equivalents) of a Mannich reagent per l equivalent of the compound (lb). 
Examples of the solvent to be used include water; lower alcohols such as methanol, ethanol, propanol, 
isopropanol and the like; lower fatty acids such as acetic acid, propionic acid and. the like. The reaction time 
is normally 30 minutes to 1 day. preferably 1 to 12 hours. 

10 The reaction of the compound (X) with the compound (XI) in the process J can be conducted at 0 to 
+ 200 C in the absence or presence of a solvent by using 1 equivalent to extremely excess amount (1 to 
10 equivalents) of the compound (XI) per 1 equivalent of the compound (X). Examples of the solvent to be 
used include water; lower alcohols such as methanol, ethanol. propanol and the like; ethers such as 
tetrahydrofuran. dimethoxyethane, dioxane and the like; nitriles such as acetonitrile. propionitrile and the 

75 like; aprotic polar solvents such as N.N-dtmethylformamide, dimethylsulfoxide and the like. Further, in the 
above reaction, an inorganic base such as potassium carbonate, sodium bicarbonate or the like, or an 
organic base such as triethylamine. pyridine, dimethylanilin or the like can be added as an acid-trapping 
agent. The reaction time is normally 10 minutes to 7 days, preferably 1 hour to. 2 days. 

The reaction of the compound (XII) with the compound (XIII) in the process K can be conducted at -30 

20 to +200 C in a solvent in the absence or presence of an inorganic base, such as potassium carbonate, 
sodium bicarbonate or the like or an organic base such as triethylamine, pyridine, dimethylanilin, 1.4- 
diazabicyclo[2.2.2]octane (DABCO) or the like by using 1 equivalent to extremely excess amount (1 to 10 
equivalents) of the compound (XIII) per 1 equivalent of the compound (XII). Examples of the solvent to be 
used include halogenated hydrocarbons such as methylene chloride, chloroform, dichloroethane and the 

25 like; ethers such as diethyl ether, tetrahydrofuran, dimethoxyethane and the like; esters such as methyl 
acetate, ethyl acetate and the like; aprotic polar solvents such as N.N-dimethylformamide. dimethylsulfoxide 
and the like. The reaction time is normally 10 minutes to 24 hours, preferably 0.5 to 6 hours. 

The reaction of the compound (XII) with the compound (XIV) in the process L is conducted under 
conditions similar to those of the reaction of the compound (XII) with the compound (XIII) in the process K. 

30 The reduction of the compound (I) wherein is nitro group or nitroso group in the process M can be 
conducted at -20 to +200 C in the presence of a solvent by using 1 equivalent to extremely excess 
amount (1 to 10 equivalents) of a reducing agent per 1 equivalent of the compound (I). Examples of the 
solvent to be used include water, methanol, ethanol, propanol. isopropanol. acetic acid and the like. 
Examples of the reducing agent include a mixture of iron and hydrochloric acid or a mixture of zinc and 

35 acetic acid. Further, the reaction can be conducted at -20 to +20'C in the presence of a solvent under 
normal hydrogen pressure by using a hydrogenating catalyst such as palladium black, palladium carbon, 
raney nickel or the like. Examples of the solvent to be used include water, methanol, ethanol, propanol. 
isopropanol, acetic acid and the like. The reaction time is normally 10 minutes to 24 hours, preferably 0.5 to 
6 hours. When the protected amino group is -NH-C0-NR^*R^5 -NH-CS-NR^*R15, it can be obtained by 

40 reacting the compound of the formula (I) wherein R^ is an amino group with the compound (VII). This 
reaction is conducted under conditions similar to those of the reaction of the compound (VI) with the 
compound (VII) in the process C. When the protected amino group is tritylamino group, it can be obtained 
by reacting the compound of the formula (I) wherein R^ is amino group with trityl chloride. This reaction is a 
known reaction and it can be conducted according to known conditions. 

45 The compound (II) can be obtained, for example, by the following process. 



50 




(X V) 



The reaction of the compound (XV) with the compound (XI) is conducted under conditions similar to 
55 those of the reaction of the compound (X) with the compound (XI). 

The compound (IV) can be obtained, for example, by the following process. 
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(n) 



YH 
(XVI) 



(IV) 



10 



15 



20 



wherein Y is NaS-. KS-, NaO- or K0-. 

The reaction of the compound (II) with the compound (XVI) can be conducted at 0 to +250* C in the 
presence of a; solvent by using 1 equivalent to extremely excess amount of the compound (XVI) per 1 
equivalent of the compound (II). Examples of the solvent to be used include water; lower alcohols such as 
methanol, ethanol. propanol and the like; ethers such as tetrahydrofuran. dimethoxyethane, dioxane and the 
like: aprotic polar solvents such as N,N-dimethylformamide, dimethylsulfoxide and the like. 

The compound (VI) can be obtained, for example, by the following processes, 
(i) When X is S or O. 



(IV) 



E*-A-B^H 

(X vn) 



wherein the symbols are as defined above; 
(ii) When X is S. O or NR3, 



> (VI) 



25 



(n) 



HX-A-B'H 

(xvm) 



■> (VI) 



30 



wherein the symbols are as defined above; 
(iii) When X is S or O and is NW^, 



35 



40 



45 



(IV) 



E'-A-B»T 

(xn) 



removal of 
protecting group 




(VI) 



50 



wherein T is an amino protecting group such as benzyloxycarbonyl. tert-butoxycarbonyl. trifluoroacetyl, 
trityl, benzyl or the like, and B^T is phthalimide. the other symbols are as defined above; 

(iv) When X is S(0) or S(0)2 and B^ is NR^o. the compound (XX) is treated with an oxidizing agent, and 
then any protective group is removed; 

(v) When X is S or O and B^ is NR^o, 



55 
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70 



(rv) 



E'-A-OH 

(X n) 



conversion of OH 

1) into 

2) R^NH 




(VI) 



75 wherein the symbols are as defined above; 
(vi) When X is S, O or NR3 and is NR'°. 



20 



(n) 



HX'-A-OH 

(X X m) 



-> (X X n ) 



25 



conversion of OH 
O into e1 ^ , V 

2)R-NH ^ '''' 



wherein the symbols are as defined above. ' 
The reaction of the compound (IV) with the compound (XVII) in the process (i) is conducted under 
30 conditions similar to those of the reaction of the compound (IV) with the compound (V) in the process B. 

The reaction of the compound (II) with the compound (XVIII) in the process (ii) is conducted under 
conditions similar to those of the reaction of the compound (II) with the compound (III) in the process A. 

The reaction of the compound (IV) with the compound (XIX) in the process (iii) is conducted under 
conditions similar to those of the reaction of the compound (IV) with the compound (V) in the process B. 
35 -The reaction of the compound (XX) with the oxidizing agent in the process (iv) is conducted under 
conditions simitar to those of the reaction of the compound (la) with an oxidizing agent. 

The reaction of the compound (IV) with the compound (XXI) in the process (v) is conducted under 
conditions similar to those of the reaction of the compound (IV) with the compound (V) in the process B. 
The reaction of the compound (II) with the compound (XXIM) in the process (vi) is conducted under 
40 conditions similar to those of the reaction of the compound (II) with the compound (III) in the process A. ' 

The conversion of the hydroxyl group of the compound (XXII) in the processes (v) and (vi) into is 
conducted by, when is halogen, reacting the compound (XXII) with a halogenating agent such as a 
phophorous halide (e.g., phosphorous trichloride, phosphorous oxychloride, phosphorous pentachloride, 
phosphorous tribromide, etc.), red phosphorous and halogen, or thionyl chloride and the like. When E' Is 
45 toluenesulfonyl group or methanesulfonyloxy group, it can be obtained by the reaction of the compound 
(XXII) with toluenesulfonyl chloride or methanesulfonyl chloride. The reaction with R^°NH which follows the 
above reaction is conducted at 0 to 200* C in the absence of any solvent or in a suitable solvent. 
All of those reactions are known and they can be conducted according to known conditions. 
The compound (VIII) can be obtianed, for example, by the following processes. 
50 * (i) When Q2 is OCN-, 



55 
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10 




wherein the symbols are as defined above; 
(ii) When Q2 is OCN-. 



2) -HCfl 



15 



20 




AgXN 



25 



30 



wherein the symbols are as defined above; 
(ill) When is SCN-, 



1) NaOH.CS, 
(XXIV) - — > (W) 

2) CflCOxEt 

3) A 



35 



(iv) When is SCN-. 



40 



(XXV) 



Y'SCN 
( X X VI ) 



-> (vni) 



45 



50 



55 



wherein is Na or K; 

(V) When CP is PhO-CO-O. 



CCCOjPh 

(xn) > (VI) 



(vi) When is G-CO-NR^o, 
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(u) > (vni) 

5 



(vii) When is G-CO-0-. 

10 

Phosgene ^ 
(XXB) — > (VI) 

75 



Namely, (i) the compound (XXIV) is reacted with phosgene, and then the reaction product is heated for 
20 dehydrochlorination. 

(ii) The compound (XXV) is reacted with silver cyanate. 

(iii) The compound (XXIV) is reacted with CS2 and further with chlorocarbonate, and then the reaction 
product is heated. 

(iv) The compound (XXV) is reacted with the compound (XXVI). 
25 (v) The compound (XXII) is reacted with phenyl chlorocarbonate. 

(vi) The compound (XII) is reacted with phosgene. 

(vii) The compound (XXII) Is reacted with phosgene. 

All the reactions are known and they can be conducted according to known conditions. 
All the reactions for removing the above protecting groups are known and they can be conducted 
30 according to known conditions. 

For example, benzyloxycarbonyl group or benzyl group as the amino protecting group can be removed 
by a catalytic reduction (reaction temperature: room temperature to +100'C) in a solvent (e.g., alcohol, 
acetic acid, water, tetrahydrofuran and a mixed solvent thereof, etc.) in the presence of a catalyst (e.g., 
palladium on carbon, platinum oxide, etc.). 
35 In the case of trityl group or tert-butoxycarbonyl group, it can be removed at 0 to + 150* C in a solvent 
(e.g., water, alcohol, tetrahydrofuran, dioxane, etc.) in the presence of an acid (e.g., mineral acids such as 
hydrochloric acid, phophoric acid, sulfuric acid and the like; organic acids such as toluenesulfonic acid, 
methanesulfonic acid, acetic acid and the like). Trifluoroacetyl group can be readily removed by treating 
with an alkali (e.g., sodium hydroxide, sodium bicarbonate solution, etc.) 
40 Phthalamide group can be removed by reacting with hydrazine hydrate in a solvent (e.g., methanol, 
ethanol. etc.). 

The starting compounds can be removed from the desired product (I) obtained by the above processes 

or a salt thereof by the following conventional separation means. Or, a reaction mixture per se may be used 

as a starting material for the next step without purification. 
45 The isolation and purification of the compound (I) or a salt thereof from the reaction mixture is 

conducted according to conventional separation means (e.g., extraction, concentration, filtration, recrystal- 

lization, column chromatography, thin layer chromatography, etc.). 

The compounds (I) of the present invention or salts thereof have calmodulin inhibitory activity and are 

useful as safe medicines for various diseases of mammal (e.g., human, dog, cat, etc.) such as hypertension, 
50 ischemic diseases (e.g., angina, cardiac infarction, arrhythmia, renal failure, etc.), arteriosclerosis, vascular 

jerk after subarachnoid hemorrhage and inflammatory diseases (e.g.. nephritis, asthma, hepatitis, etc.) and 

the like. 

When the compound (I) of the present invention or a salt thereof is used as the above medicines, it can 
be admixed with a pharmaceutically acceptable carrier, excipient, diluent and administered orally or 
55 parenterally in a dosage form such as powder, granules, tablets, capsules, injection and the like. A dosage 
varies depending upon a particular administration route, conditions to be treated, age and weight of the 
patient and the like. For example, when it is orally administered to an adult patient, the dosage may be 0.2 
to 50 mg/Vg/day. preferably 0.5 to 30 mg/kg/day, more preferably 1 to 20 mg/kg/day and it can be 
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administered once to several times in a day. 

As described hereinabove, the compounds (I) of the present invention and salts thereof have excellent 
calmodulin inhibitory activities and are useful as hypotensors and medicines for treating ischemic diseases 
antiartenosclerotic agents, medicines for treating vascular jerk after subarachnoid hemorrhage, anti-inflam- 
5 matory agents and the like in human and mammal. 

The following Reference Examples. Examples, Preparations and Experiments further illustrate the 
present invention in detail but are not to be construed to limit the scope thereof. In Examples, room 
temperature means 15 to 30 C. 

10 Reference Example 1 

(1) Synthesis of 2-ethoxycarbonyl-5-chloroimidazo[1 ,2-a] pyridine 

A solution of 2-amino-6-chloropyridine (6.43 g, 50 mmoles) and ethyl bromopyruvate (9 75 g 50 
75 mmoles) in ethanol (150 ml) was heated at reflux for 4 hours. After the solvent was removed, chloroform 
was added to the residue, which was washed in turn with saturated sodium bicarbonate and saturated 
saline, and then dried over anhydrous magnesium sulfate. After the solvent was concentrated, n-hexane was 
added to the mixture. Then, the crystals precipitated were filtered off and washed with n-hexane to obtain 
7.60 g of the desired product (67.6%, pale yellow crystals). 
20 Melting point: 143-145* C 





Elemental analysis for CioHgN202CI, 




Calcd.: 


C. 53.47; 


H, 4.04; 


N. 12.47 


25 


Found : 


C, 53,45; 


H, 3.99; 


N, 12.59 



NMR (90MHz. CDCI3) 5:1.42 (3H, t. J = 7Hz), 4.46 (2H. q, J = 7Hz). 6.95 (1H. dd, J = 7 1Hz) 7 24 (IH dd 
J=7Hz), 7.67 (1H, d, J = 9Hz), 8.36 (1H. s) /. • v . . 

According to the same manner as that described in Reference Example 1 (1), the following compounds 
were obtained. 

'(2) 5-Chloro-2-methylimidazo[1 ,2-a]pyridine 

NMR (90MHz; CDCb) S: 2.47 (3H, s), 6.79 (1 H. d, J = 7Hz). 7.08 (1 H, dd, J = 9. 7Hz), 7.47 (1 H, d. J = 9Hz), 
7.51 (1 H, s) 

(3) 3-Ethoxycarbonyl-5-chloro-2-methylimidazo[1.2-a]pyridine 

NMR (90MHz. CDCI3) 5:1.40 (3H, t. J = 7Hz). 2.60 (3H. s). 4.43 (2H. q. J = 7Hz). 6.94 (1H dd J = 1H2) 7 26 
(IH. dd. J=:9. 7Hz), 7.54 (1H. dd, J = 9. 1Hz) v ' ■ 



40 



45 



(4) 2-Ethoxycarbonylmethyl-5-chloroimida2o[1 .2-a]pyridine 

NMR (90MH2. CDCI3) 5: 1.28 (3H. t. J = 7Hz), 3.87 (2H, s). 4.21 (2H, q, J = 7H2). 6.83 (IH dd J = 7 1Hz) 
7.12 (IH. dd, J=9. 7Hz). 7.52 (IH. dd. J = 9. 1 Hz). 7.78 (IH. s) 

Reference Example 2 

(1) Synthesis of 5-[2-(amino)ethylthto]-2-methylimidazo(1 ,2-a]pyridine 
50 _ 

To a suspension of cysteamine hydrochloride (2.95 g. 26 mmoles) in ethanol (100 ml) was added 60% 
sodium hydnde (oily; 2:08 g, 26 mmoles) with stirring under ice-cooling and the mixture was stirred for 5 
minutes. 5-chloro-2-methylimida20[1.2-a]pyridine (3.33 g, 20 mmoles) was added to the mixture, followed by 
heating at reflux for 3 hours. After the solvent was distilled off, chloroform was added to the residue which 
was washed with IN-NaOH and dried over anhydrous potassium carbonate. After the solvent was distilled 
off. the residue was purified by column chromatography (eluent: ethyl acetate/ethanol/triethylamine =-6-21) 
to obtain 2.2 g of the desired product (53.6%, brown oily product) 

NMR (90MH2. CDCI3) 5: 2.25 (2H. br). 2.50 (3H. s). 2.77-3.22 (4H, m). 6.88 (IH. dd. J = 7. 1Hz) 7 06 (IH 
dd, J = 9. 7H2). 7.46 (1 H. d. J = 9H2). 7.62 (1 H, s) 
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According to the same manner as that described in Reference Example 2 (1), the following compounds 
were obtained. 

(2) 5-[2-(Amino)ethylthio)-2-ethoxycarbonylimida2o[1 .2-a]pyridine 





Elemental analysis for Ci 2Hi5N3O2S'0.3H2O, 




Calcd.: 


C, 53.24: 


H. 5.81; 


N, 15.52 


10 


Found : 


C. 53-43; 


H. 5.61; 


N, 15.54 



NMR (90MH2. CDCb) 6: 1.44 (3H. t. J = 7H2). 1.52 (2H. br), 2.83-3.19 {4H, m). 4.46 (2H. q, J = 7Hz), 7.00 
(1H. dd. J = 7, IHz). 7.20 (IH, dd. J =9, 7H2), 7.84 (1H. d. J = 9H2). 8.49 (IH. s) 

(3) 5-[2-(Amino)ethylthio]-3-ethoxycarbonyl-2-methylimidazo[1 ,2-a]pyridine 

NMR (90MH2, CDCI3) 5: 1.40 (3H. t, J = 7H2). 1.47 (2H, br), 2.61 (3H, s), 2.81 (2H, m). 3.04 (2H, m), 4.43 
■ (2H. q. J = 7H2). 7.02 (1 H. dd, J = 7. 1 H2), 7.30 (1 H. dd. J = 9, 7Hz). 7.48 (1 dd. J = 9. 1 Hz) 

(4) 5-[2-(Amino)ethylthio]-2-ethoxycarbonylmethylimida2o[l ,2-a]pyridine 

NMR (90MH2, COCI3) 5: 1.29 (3H, t. J=7H2), 1.60 (2H. s). 2.80-3.20 (4H. m). 3.90 (2H, s), 4.21 (2H, q, 
J = 7Hz). 6.90 (IH. dd. J = 7. 1 H2), 7.11 (IH, dd. J = 9. IH2), 7.51 (IH. d. J = 9H2), 7.89 (IH. s) 

(5) 5-[(4-Piperidyl)thio]imida2o[1 ,2-a]pyridine 

NMR (200MHz. CDCI3) 5:1.62 (2H. m). 1.93 (2H. m). 2.07 (IH. br). 2.64 (2H, m), 3.12 (2H. m), 3.33 (IH. m). 
7.02 (IH, d. J = 7H2), 7.15 (1H, dd, J =9, 7Hz). 7.62 (1H, d, J = 9H2). 7.69 (IH, s), 7.96 (IH, s) 

Reference Example 3 

(1) Synthesis of 5-[4-(amino)butoxy]imida2o[1 .2-a]pyridine 

To a suspension of 60% sodium hydride (oily; 1.32 g, 33 mmloes) in DMF (60 ml) was added a solution 
of 5-chloroimida2o[1,2-a]pyridine (4.59 g, 30.1 mmoles) and 4-aminobutanol (2.68 g, 30.1 mmoles) in DMF 
(60 ml) at room temperature with stirring and the mixture was stirred at the same temperature for 5 hours. 
Tert-butyl dicarbonate (9.83 g, 45 mmoles) was added to the reaction solution, which was stirred at room 
temperature for 13 hours. After the solvent was distilled off, water was added to the residue, which was 
extracted with ether twice, washed with water and dried over anhydrous magnesium sulfate, and then the 
solvent was distilled off. The residue was dissolved in methanol (20 ml), followed by the addition of cone, 
hydrochloric acid (20 ml) and stirring at room temperature for 1 hour. After the solvent was distilled off, 
chloroform was added to the residue, which was washed with 3N NaOH. After drying over anhydrous 
potassium carbonate, the solvent was distilled off. The residue was purified by column chromatography 
(eluent: methanol/chloroform = 1:5) to obtain 2.53 g of the desired product (40.9%, light brown oily 
product). 

NMR (200MH2. CDCI3) 5: 1.71 (2H, m), 1.96 (2H, br), 1.97 (2H, m), 2.83 (2H. m). 4.27 (2H. m). 6.03 (IH, d, 
J = 7.2H2), 7.17 (IH. dd, J = 9. 7.2Hz), 7.27 (IH, d, J = 9Hz), 7.59 (IH, d. J = 1.4Hz), 7.66 (1H, s) 

According to the same manner as that described in Reference Example 3 (1), the following compounds 
were obtained. 

(2) 5-[5-(Amino)pentyloxy]imidazo[1 ,2-a]pyridine 

NMR (200MHz, CDCI3) 5: 1.58 (4H. m), 1.66 (2H, br). 1.96 (2H. m), 2.77 (2H, m), 4.25 (2H, t, J = 6. 4Hz). 
6.02 (IH. d, J = 7H2), 7.16 (IH. dd, J =9. 7H2). 7.27 (IH, d, J = 9Hz). 7,59 (IH; d, J = l-4Hz), 7.66 (IH, s) 

(3) 5-[6-(Amino)hexyloxy]imida2o[1 ,2-a)pyridine 

NMR (200MH2, CDCI3) 5: 1.34-1.70 (8H, s), 1.93 (2H, m). 2.73 (2H, m). 4.23 (2H, t, J = 6, 4H2). 6.02 (IH, dd. 
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J = 7. 1H2), 7.16 (1H. dd. J=9, 7Hz), 7.26 (1H. m). 7.59 (1H. d. J = 1 .2H2). 7.65 (1H. m) 

(4) 5-[2-[1-(Amino)propoxy]]imidazo(1 .2-a]pyridine 

5 NMR (200HM2. CDCI3) 6: 1.44 {3H, d, J = 6.2H2). 1.75 (2H. br), 2.96-3.15 (2H. m). 4.63 (1H. m). 6.10 (IH. d, 
J = 7H2). 7.17 (IH. dd. J = 9. 7H2). 7.27 (IH. d. J = 9Hz). 7.59 {1H. d. J = 1 .4Hz). 7.66 (IH, m) 

(5) 5-[2-(Amino)-1-(phenyl)ethoxy]imida2o[1.2-a]pyridine 

NMR (200MHz. CDCb) 5: 1.75 (2H. br), 3.19 (IH. dd. J = 14. 4.2H2). 3.35 {IH. dd, J = 14. 7.4H2). 5.38 (IH, 
10 dd. J = 7.4. 4.2H2). 5.89 (IH. d, J = 7H2). 7.01 (IH. dd. J = 9, 7H2). 7.22 (1 H. d. J = 9H2). 7.37 (5H. m). 7 64 
(IH. d. J = 1.2Hz). 7.82 (IH, s) 

(6) 5-[(4-Piperidinyl)oxy]imida20[l,2-a]pyridtne 

75 NMR (200MH2. CDCI3) 6: 1.76 (1H, br). 1.87 (2H. m). 2.12 (2H, m), 2.82 (2H, m), 3.18 (2H, m). 4.67 (IH, m), 
6.06 (1 H. d. J = 7.2H2). 7.1 7 (1 H. dd, J = 9, 7.2H2). 7.27 (1 H, d, J = 9H2), 7.60 (1 H, d, J = 1 Hz). 7.69 (1 H, s) 

Reference Example 4 

20 Synthesis of 5-[2-(phenoxycarbonyloxy)ethytthio]innida2o[1 ,2-a]pyridine 

To a solution of 5-[2-(hydroxy)ethylthio]imidazo[1 ,2-a]pyridine (5.83 g, 30 mmoles) and pyridine (4.36 
ml, 60 mmoles) in methylene chloride (120 ml) was added phenyl chloroformate (7.53 ml. 60 mmoles) with 
stirring under ice-cooling and the mixture was stirred under ice-cooling for 30 minutes. The reaction solution 
25 was washed in turn with an aqueous 5% sodium bicarbonate solution and saturated saline and dried over 
anhydrous magnesium sulfate, and then the solvent was distilled off. The residue was purified by colurhn 
chromatography (eluent: ethyl acetate) to obtain 8.61 g of the desired product (91.3%. oily product). 
NMR .(200MH2. CDCI3) 6: 3.30 (2H. t. J = 6.6H2). 4.42 (2H, t. J = 6.6H2), 7.06-7.45* (8H. m), 7.69 (IH d 
J = 1 .4H2). 7.73 (1 H. d, J = 1 .4Hz). 7.92 (1 H, m) 

30 

Reference Example 5 

Synthesis of 5-[2-(methylsulfonyloxy)ethylthio]imidazo[1 ,2-a]pyridine 

35 To a solution of 5-[2-(hydroxy)ethylthto]imida2o(1 ,2-a]pyridine (9.71 g. 50 mmoles) and triethylamine 
(10.5 ml, 75.3 mmoles) in methylene chloride (300 ml) was added methanesulfonyl chloride (4.26 ml. 55 
mmoles) with stirring under ice-cooling and the mixture was stirred under ice-cooling for 2 hours. The 
reaction solution was washed in turn with an aqueous saturated sodium bicarbonate solution and saturated 
saline and dried over anhydrous magnesium sulfate. Then, the solvent was distilled off to obtain 13.6 g of 

40 the desired product (quantitative, brown oily product). 

NMR (200MH2. CDCI3) 5: 2.97 (3H. s). 3.28 (2H. t. J = 6.4H2), 4.35 (2H, t, J = 6.4H2). 7.08 (IH. dd. J = 7, 
1.2H2), 7.18 (IH. dd. J = 8.8, 7H2), 7.64 (IH. m), 7.73 (IH. d. J = 1.4Hz), 7.91 (IH. m) 

Reference Example 6 

45 

(1) Synthesis of 5-[2-(methylamino)ethylthio]imidazo[1 ,2-a]pyridine 

A solution of 5-[2-(methylsulfonyloxy)ethylthio]imidazo[1 .2-a]pyridine (2.18 g, 8 mmoles). triethylamine 
(2.24 ml. 16 mmoles) and a 40% methylamine-methanol solution (20 ml) in chloroform (20 ml) was heated 
50 at reflux for 3 hours. The reaction solution was washed with an aqueous 3N-sodium hydroxide solution and 
dried over anhydrous magnesium sulfate. After the solvent was distilled off. the residue was purified by 
column chromatography (eluent: methanol/chloroform = 1:10) to obtain 781 mg of the desired product 
(47.1%, light brown oily product). 

NMR (200MH2, CDCI3) 5: 2.31 (IH. br). 2.88 (2H. t. J = 6.4H2). 3.16 (2H, t. J = 6.4H2). 6.94 (1 H dd J = 7 
55 IH2). 7.15 (IH. dd. J = 9. 7Hz). 7.58 (IH, dd, J = 9. 1Hz). 7.69 (1. d. J = 1 .2Hz), 7.86 (IH. s) 
IR (KBr) cm-^: 3290. 3105. 2930. 2850. 2790, 1655. 1615, 1530. 1490 

According to the same manner as that described in Reference Example 6 (1), the following compounds 
were obtained. 
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(2) 5-[2-(Ethylamino)ethylthio]imlda2o[l ,2-a]pyridine 

NMR (200MH2. CDCI3) 5: 1-11 (3H. t. J = 7H2). 1.88 (1H. br). 2.70 (2H. m). 2.90 (2H. t. J = 6.2H2). 3.15 (2H. 
t. J = 6.2Hz). 6.94 (1H. dd. J = 7. IH2). 7.16 (1H. dd. J = 9. 7H2). 7.59 (1H. dd. J=9. IH2) 7 70 (1H d 
5 J = 1.2H2). 7.87 (1H, s) 

IR (KBr) cm-^: 3280. 3105. 2965. 2930, 2890. 2820. 1655. 1620, 1530, 1490 

Reference Example 7 

70 (1) Synthesis of 5-[3-(amino)porpoxy]imidazo[l ,2-a]pyridine 

To a solution of 5-[3-(tert-butoxycarbonylamino)propoxy]imidazo(1 .2-a]pyndine in methanol (10 ml) was 
added concentrated hydrochloric acid (5. ml) and the mixture was stirred at room temperature for 1 hour. 
After the solvent was distilled off. chloroform (30 ml) and 3N-NaOH (10 ml) were added to the residue which 
;5 was extracted with chloroform and dried over anhydrous potassium carbonate. Then, the solvent was 
distilled off to obtain 687 mg of the desired product (78.7%, pale yellow oily product). 

NMR (200MHz, CDCI3) <5: 1.51 (2H, br). 2.07 (2H, m). 3.00 (2H, t. J = 6.8H2), 4.35 (2H, t. J = 6.2Hz). 6.06 (2H. 
d. J = 7H2). 7.1 7 (1 H, dd, J = 9, 7H2), 7.28 (1 H. d. J = 9H2). 7.59 (1 H. d, J = 1 .4H2), 7.65 (1 H. s) 

According to the same manner as that described in Reference Example 7 (1), the following compounds 
20 were obtained. 

(2) 5-[2-(Amino)ethoxy]imidazo[1,2-a]pyridine 

NMR (200MHz. CDCI3) 5: 1.66 (2H, br). 3.25 (2H. t. J = 5.2H2). 4.28 (2H, t. J = 5.2Hz), 6.06 (2H. d. J = 7H2), 
25 7.1 7 (1 H, dd. J = 9. 7H2). 7.29 (1 H. d. J = 9Hz), 7.61 (1 H. d, J = 1 Hz). 7.68 (1 H, s) 

(3) 5-[2-(Amino)ethylamino]imidazo[1 ,2-a]pyridine 

NMR (90MH2. CDCI3) 5: 1.70 (2H, br). 3.07 (2H, m), 3.29 (2H, m), 5.17 (1H. br). 5.88 (1H. dd. J = 6. 2.5Hz), 
30 7.02-7.30 (2H, m), 7.48 (1H, s). 7.61 (1H. s) 

(4) 5-[3-(Amino)propylamino]imidazo[1 ,2-a]pyridine 

NMR (90MH2. CDCI3) 5: 1.57 (2H. br). 1.87 (2H. m). 3.01 (2H. m). 3.39 (2H. m), 5.78 (1H. dd, J = 7. l.SHz), 
35 6.78 (1H. br). 6.96-7.28 (2H, m), 7.38 (1H, s). 7.59 (1H, s) 

Reference Example 8 

Synthesis of 5-[3-(amino)propylamino]imidazo[1 ,2-a]pyridine'dihydrochloride 

40 

To a suspension of 5-[3-(tert-butoxycarbonyfamino)propylamino]imidazo[1.2-a]pyridine (1.742 g, 6 
mmoles) in methylene chloride (40 ml) was added hydrogen chloride-methanol (6 ml) and the mixture was 
stirred at room temperature for 20 hours. After the solvent was distilled off, ethanol (15 ml) and ether (30 ml) 
were added to the residue. Then, the crystals precipitated were filtered off and washed in turn with ether 
45 and a small amount of ethanol to obtain 1.31 1 g of the desired product (83.0%, pale yellow crystals). 



Elemental analysis for CioHi4N40*2HCI'0.2H20, 


Calcd.: 
Found : 


C. 45.02; 
C, 45.15; 


H, 6.20: 
H. 6.25; 


N. 21.00 
N. 21.17 



NMR (90MHz, DMSO-de) 6: 2.02 (2H. m). 2.95 (2H. m). 3.52 (2H, m). 6.53 (1H. d. J = 8Hz). 7.08 (1H, d. 
J = 8.5H2). 7.79 (1H. dd, J=8.5. 8H2), 8.12 (1H. d J = 2Hz). 8.27 (3H. br), 8.53 (1H, br). 8.78 (1H. d. J = 2Hz) 

Reference Example 9 

Synthesis of 5-[3-(amino)propylthio]imidazo[1 ,2-a]pyridine 
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To a mixed solution of 10% potassium hydroxide (69.3 g. 105 mmoles) and dimethylsulfoxide (50 ml) 
was added S-[3-(amino)propyl]isothiourea-dihydrobromide (8.85 g. 39 mmoles) and the mixture was stirred 
at room temperature for 1.5 hours. To the reaction solution was added 5-chloroimtda2o[1 ,2-a]pyridine (3.05 
g, 20 mmoles). followed by stirring at room temperature for 1.5 hours and additional stirring at 65'C for 20 
5 hours. Water was added to the reaction solution, which was extracted with chloroform, washed several times 
with IN-sodium chloride and dried over anhydrous magnesium sulfate. After the solvent was distilled off to 
obtain 2.66 g of the desired product (64.3%. pale yellow oily product). 

NMR (200MH2. CDCI3) 5: 1 .29 (2H. br). 1 .80 (2H. m). 2.85 (2H, t. J = 6.8H2). 3.08 {2H, t. J = 7.2Hz). 6.91 (1 H. 
dd. J ^7. 1Hz). 7.16 (1H. dd. J = 9. 7Hz), 7.58 (1H, d. J = 9. IH2), 7.71 (1H, d. J = 1 .2Hz) 7 85 (1H d' 
w J = 1.2H2) 

Reference Example 10 

According to the same manner as that described in Reference Example 8, the following compounds 
75 were obtained. 

(1) 5-(2-(Amino)ethylsulfonyl]imida2o[1.2-a]pyridine*dihydrochloride Melting point; 210-220° C (dec.) 



20 


Elemental analysis for C9H1 1 N302S*2HC1' 0:5H2O. 




Calcd.: 


C, 35.19; 


H. 4.59; 


N. 13.68 




Found : 


C, 35.18; 


H. 4.49; 


N. 13.98 



25 



(2) 5-[2-{Amino)ethylsulfinyl]imidazo[1 ,2-a]pyridine*dihydrochloride 

Melting point: 1 95-205 'C (dec.) 

30 



Elemental analysis for C9H1 1 N3OS'2HCI"0.3H2O. 


Calcd.: 
Found : 


C. 37.59; 
C. 37.76; 


H. 4.77; 
H. 4.77; 


N. 14.61 
N, 14.60 



35 

(3) 5-[2-(Amino)ethoxy]imida2o[1,2-a]pyridine*dihydrochloride 
Melting point: 209-220* C (dec.) 

40 



Elemental analyisis for C9H1 1 N30*2HCI*H2O, 


Calcd.: 
Found : 


C, 40.31; 
C. 40.20; 


H, 5.64; 
H. 5.65; 


N, 15.67 
N. 15.58 



(4) 5-[4-(Piperidyl)thio]imida2o[1 ,2-a]pyridine •dihydrochloride 
Melting point: 204-218* C (dec.) 





Elemental analysis for Ci2H,5N3S'2HCI, 




Calcd.: 


C. 47.06; 


H. 5.59; 


N. 13.72 


55 


Found : 


C. 47.00; 


H. 5.63: 


N. 13.56 



Reference Example 1 1 
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Synthesis of 5-{2-{amino)ethylthio]imida2o[1 .2-a)pyridine 

After a suspension of 5-[2-(annino)ethylthio]imida20[1 ,2-a)pyridine*clihydrochloride (13.31 g, 50 
mmoles) in chloroform (200 ml) was washed with 3N-sodium hydroxide (50 ml), the aqueous layer was 
5 extracted with chloroform, combined the chloroform layer was dried over anhydrous magnesium sulfate. 
After the solvent was distilled off to obtain 9.63 g of the desired product (99.7%, pale yellow oily product). 
NMR (200MHz, CDCI3) S: 1.67 (2H. br), 2.95 {2H. m). 3.08 (2H, m). 6.95 (1H. d, J = 7Hz). 7.15 (1H, dd. 
J = 9.2, 7Hz), 7.59 (1H, d, J = 9.2H2). 7.71 (1H, s), 7.88 (1H, s) 

JO Reference Example 12 

Synthesis of 5-[3-(chIoro)propylthio]imidazo[1 ,2-a]pyridine 

To a suspension of 5-mercaptoimida2o[1 ,2-a]pyridine (5.02 g. 33.4 mmoles) and 1-bromo-3- 
75 chloropropane (5.26 g. 33.4 mmoles) in ethanol (100 ml) was added triethylamine (4.66 ml. 33.4 mmoles) 
and the mixture was stirred at room temperature for 17 hours. After the solvent was distilled off. chloroform 
was added to the residue, which was washed with water and dried over anhydrous magnesium sulfate. After 
the solvent was distilled off. the residue was purified by column chromatography (eluent: ethyl acetate) to 
obtain 5.46 g of the desired product (72.0%, light brown oily product)., 
20 NMR (200MHz, CDCI3) 5: 2.09 (2H, m). 3.17 (2H, t. J = 7Hz), 3.68 {2H. t.. J = 6Hz). 6,94 (1H, dd. J = 7.2. 
IH2), 7.16 (1H. dd, J = 9.2. 7.2H2). 7.60 (1H, m), 7.72 (1H. d, J = 1 .2H2). 7.86 (IH; m) 

Example 1 



25 Synthesis of 5-[2-(methylsulfonylamino)ethyIthio]imidazo[1 ,2-a]pyridine (Compound 1) 

To a solution of 5-[2-(amino)ethylthio]imida2o[1 ,2-a]pyridine (9.63 g, 49.8 mmoles) and triethylamine 
(7.64 ml) in methylene chloride (150 ml) was added methanesulfonyl chloride (3.85 ml. 49.7 mmoles) with 
stirring under ice-cooling and was stirred under ice-cooling for 1 hour. The reaction solution was poured into 
30 water and stirred. Then, the crystals precipitated were filtered off. washed with water and dried to obtain 
10.53 g of the desired product (77.9%. colorless crystals). 
Melting point: 130-131 ' C 



35 


Elemental analysis (%) for C10H1 3N3O2S2. 




Calcd.: 


C. 44.26: 


H, 4.83; 


N. 15.48 




Found : 


C, 44.05; 


H, 4.82; 


N, 15.31 



NMR (90MH2, DMSO-de) 5: 2.96 (3H, s). 3.22 (4H, s). 7,10 (IH, dd. J = 7, I.5H2). 7.26 (IH, dd, J=9. 7Hz), 
7.31 (1 H, br). 7.56 (1 H, d. J = 9H2), 7.68 (1 H.,d. J = 1 Hz), 7.97 (1 H, s) 
IR (KBr)cm-^: 3450, 3140. 2930. 1620. 1490. 1315. 1155 

Example 2 

Synthesis of 5-[2-(methylsulfonylamino)ethylthio]imida20[1 .2-a]pyridine* hydrochloride (Compound 2) 

A suspension of 5-[2-(methylsuIfonylamino)ethylthio]tmida20t1 .2-a]pyridine (543 g, 2 mmoles) in metha- 
nol (20 ml) was treated with hydrogen chloride-methanol. After the solvent was distilled off, the residue was 
crystallized from chloroform ether. Then, the crystals thus obtained were washed with ether and dried to 
obtain 550 mg of the desired product (89.3%, colorless crystals). 
Melting point: 154-160* C 

Example 3 

(1) Synthesis of 5-(2-(ethylsulfonylamino)ethylthio)imida20(1 ,2-a]pyridine (Compound 3) 

To a solution of 5-[2-(amino)ethylthio]imidazo[1 .2-a]pyridine (1.93 g, 10 mmoles) and triethylamine (1.53 
ml, 11 mmoles) in methylene chloride (100 ml) was added ethanesulfonyl chloride (0.95 ml, 10 mmoles) at 

24 
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room temperature with stirring and the mixture was stirred at room temperature for 1 hour. The reaction 
mixture was washed in turn with an aqueous saturated sodium bicarbonate solution and water and dried 
over anhydrous magnesium sulfate, and then the solvent was distilled off. The residue was purified by 
column chromatography (eluent: ethanol/ethyl acetate = 1:5) to obtain 2.23 g of the desired product 
5 (78.2%, colorless crystals). 





Elemental analysis for Ci iHt5N302S2 '0.1 H2O, 




Calcd.: 


C. 46-01; 


H, 5.34; 


N. 14.63 


70 


Found : 


C. 45.74; 


H, 5.26; 


N. 14.36 



, NMR (90MHz. DfVlSO-ds) 6: 1.16 (3H. t. J = 7H2), 2.99 (2H. q. J = 7Hz). 3.21 (4H. m), 7.11 (1H. dd. J = 7. 
1.5Hz). 7.28 (1H, dd. J = 8.5. 7Hz). 7.33 (1H. br). 7.59 (1H, d. J=8.5Hz). 7.71 (1H, s). 7.99 (IN, s) 

According to the same manner as that described in Example 3 (1), the following compounds were 
obtained. 

(2) 5-[2-(Propylsulfonylamino)ethylthio]imidazo[1 ,2-a]pyridine (Compound 4) 
20 



Elemental analysis for Ci 2H1 7N3O2S*0.2H2O, 


Calcd.: 
Found : 


C. 47.57; 
C. 47.62; 


H, 5.79; 
H. 5.74; 


N. 13.87 
14.03 



25- . 

NMR (200MH2. CDCI3) 5: 1.04 (3H. t, J = 7.4Hz), 1.83 (2H. m). 2.98 (2H. m), 3.19 (2H, m). 3.33 (2H. m). 4,93 
(1 H. br). 7.02 (1 H. dd. J = 7. 1 .2Hz). 7.1 7 (1 H. dd. J = 9, 7H2). 7.63 (1 H, m). 7.70 (1 H. d, J = 1 .4Hz). 7.85 (1 H. 
m) 

30 (3) 5-[2-(lsopropylsutfonylamino)ethylthio]imidazo[1.2-a]pyridine (Compound 5) 

NMR (200Hz. CDCI3) 5: 1.36 (6H, d. J = 6.8Hz), 3.16 (1H. heptet, J = 6.8H2), 3.19 (2H. t. J = 6.4H2). 3.36 (2H. 
m). 4.80 (1H. br). 7.02 (1H. dd. J = 7. 1.2Hz), 7.17 (1H, dd, J = 9. 7Hz). 7.62 (IN, d. J = 9H2). 7.70 (1H. s). 
7.86 (1H.m) 
35 - 

(4) 5-[2-(Butylsulfonylamino)ethylthio]imida2o[1,2-a]pyridine (Compound 6) 



40 


Elemental analysis for Ci 3Hi9N302S2, 




Calcd. : 


C, 49.82; 


H, 6.11; 


N. 13.41 




Found : 


C, 49.76; 


H, 6.15; 


N. 13.40 



NMR (200Hz, CDC13) 6: 0.93 (3H. t, J = 7.2Hz). 1.43 (2H. m), 1.76 (2H. m), 3.00 (2H. m), 3.19 (2H, m). 3.33 
(2H. m). 5.06 (1H. br). 7.01 (1H. dd. J = 7. 1.2Hz), 7.16 (1H, dd. J = 9. 7Hz), 7.61 (1H. d. J = 9Hz). 7.69 (1H. 
d. J = 1.2H2). 7.84 (1H. m) 

(5) 5-[2-(Octylsulfonylamino)ethylthio]imidazo[1,2-a]pyridine (Compound 7) 

NMR (90Hz. CDCI3) 5: 0.73-2.00 (15H. m), 2.88-3.52 (6H, m), 6.24 (IH, br). 7.00 (1H. dd, J = 7. 1.5Hz). 7.13 
(1H, dd. J =9, 7Hz). 7.58 (IH. d, J=9H2). 7.63 (IH. s). 7.81 (IN. s) 

(6) 5-[2-[3-(Chloro)propylsulfonylamino]ethylthio]imidazo[1,2-a]pyridine (Compound 8) 



25 
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Elemental analysis for Ci2Hi6N302S2CI 


Calcd.: 
Found : 


C. 43.17; 
C. 43.41; 


H. 4.83; 
H, 4.83; 


N, 12.59 
N, 12.47 



NMR (90Hz. CDCb-DMSO-ds) 5: 2.22 (2H, m), 2.97-3.46 (6H, m). 3.66 (2H. t. J = 6.5Hz). 7.07 (1H. dd. 
J = 7.5, 2H2). 7.19 (1H. dd. J = 9. 7.5H2). 7.26 (1H. br). 7.59 (1H. m). 7.69 (1H, s), 7.90 (1H. s) 

(7) 5-[2-(HexadecylsuIfonylamino)ethylthio]imida20[1.2-a]pyridine (Compound 9) 

NMR (200H2. CDCI3) 6: 0.88 (3H, t. J = 6.8). 1.25 (26H, m). 1.78 (2H, m), 3.00 (2H. m). 3.18 (2H. m), 3.33 
(2H. m). 4.73 (1H. br), 7.02 (1H. dd. J = 7.1H2). 7.17 (1H. dd. J = 9, 7H2). 7.64 (1H. d. J = 9H2). 7.72 (1H, d. 
J = 1.2Hz). 7.87 (1H. s) 

Example 4 



(1) Synthesis of 3-chloro-5-[2-(methylsuIfonylamino)ethylthio]imida2o[1 ,2-a]pyridine (Compound 10) and 3- 
chloro-5-[2-(methylsuifonylamino)ethylthio]-2-succinimide-imida2o[1,2-a]pyridine (Compound 11) 

To a suspension of 5-[2-(methylsulfonylamino)ethylthio]imidazo(1 .2-a]pyridine (534 mg, 2 mmoles) in 
chloroform (60 ml) was added N-chlorosuccinimide (267 mg, 2 mhnoles) at room temperature with stirring 
and the mixture was stirred at room temperature for 24 hours. The reaction mixture was washed with water 
and dried over anhydrous magnesium sulfate; and then the solvent was distilled off. The residue was 
purified by column chromatography (eluent: ethanol/ethyl acetate = 1:10) to obtain 245 mg of the desired 
product (Compound 10, 40.0%, gray crystals) as Fraction 1. 



Elemental analysis for C10H12N3O2S2CI. 


' Calcd.: 
Found : 


C. 39.28; 
C. 39.47; 


H, 3.96; 
H, 4.00; 


N, 13.74 
N, 13.61 



NMR (90MH2. DMSO-de) 5: 2.90 (3H. s). 3.22 (4H, m), 7.06 (1H. dd, J = 7, 1 .5Hz). 7.23 (1H. dd. J = 9. 7Hz). 
7.53 (1 H, dd, J = 9, 1 .5H2), 7.66 (1 H. s) 
35 As Fraction 2, 96 mg of the desired product (Compound 11,11 .9%. colorless crystals) was obtained. 
NMR (90MH2. DMSO-de) 6: 2.94 (3H, s). 2.97 (4H. s). 3.23 (4H. m). 7.19 (1H, dd. J = 7, 2H2), 7.40 (IH. dd. 
J = 9, 7Hz). 7.59 (1H. dd, J = 9. 1.5Hz) 

According to the same manner as that described in Example 4 (1). the following compounds were 
obtained. 

40 

(2) 3-Bromo-5-[2-(methyIsulfonylamino)ethylthio]imida2o[1,2-a]pyridine (Compound 12) 



45 


. Elemental analysis for CicHi2N302S2Br, 




Calcd.: 


C. 34.29: 


H, 3.45; 


N. 12.00 




Found : 


C. 34.26; 


H, 3.45; 


N, 1 1 .94 



NMR (90MHz, DMSO-ds) 5: 2.90 (3H, s), 3.19 (4H. m). 7.07 (IH. dd. J = 7, I.5H2). 7.23 (IH, dd. J = 9, 7Hz). 
7,56 (1 H, dd, J = 9. 1 .5Hz), 7.66 (1 H. s) 

(3) 3-lodo-5-[2-(methylsulfonylamino)ethylthio)imida2o[1,2-a]pyridine (Compound 13) 

NMR (90MH2. DMSO-de) 6: 2.98 (3H. s). 3.17 (4H, m). 7.07 {IH, dd, J = 7. 1.5H2). 7.24 (IH. dd. J = 9. 7H2), 
7.60 (1H, dd, J = 9, 1.5 Hz), 7.68 (IH. s) 

Example 5 
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10 



Synthesis of 5-[2-(methyJsulfonylamino)ethy(thio]-3-nnorpholinonriethylimida20[1 .2-a]pyri^ (Compound 14) 

To a solution of 37% formalin (178 mg, 2.2 mmoles) in acetic acid (2 ml) was added morpholin (192 ul. 
2.2 mmoles) under ice-cooling with stirring and the mixture was stirred at room temperature for 30 minutes. 
5-[2-(methylsulfonylamino)ethyIthio]imida20[1.2-a]pyridine (543 mg. 2 mmoles) was added to the reaction 
mixture, followed by stirring at 60 'C for 2 hours. After the solvent was distilled off. the residue was 
dissolved in chloroform (50 ml) and washed with IN NaOH (10 ml). Then, the aqueous layer was extracted 
with chloroform (30 ml x 3) and the combined chloroform layer was dried over anhydrous magnesium 
sulfate, and then the solvent was distilled off. The residue was purified by column chromatography (eluent: 
ethanol/ethyl acetate = 1:10 ^ 1:5) to obtain 530 mg of the desired product (71.5%, colorless solid). 
NMR (90MH2. CDCI3) 6: 2.94 (4H. m). 2.67 (3H, s), 3.27 (4H. m). 3.67 (4H, m). 4.08 (2H. s). 6.62 (1H. br). 
6.94 (2H. m). 7.50 (1 H, s). 7,57 (1 H. dd. J = 8.5, 2Hz) 

Example 6 

According to the same manner as that described in Example 4 (1), the following compounds were 
obtained. 

5-[2-(Methylsulfonylamino)ethylthio-3-morpholinomethylimtda2o[1 ,2-a]pyridine dihydrochloride 
20 (Compound 15) 

NMR (2OOMH2. DMSO-ds) 6: 2.92 (3H. s). 3.15-4.20 (14H, m). 5.08 (1H, br), 7.44 (1H. m). 7.69 (1 H. dd. 
J = 7. 1.4H2), 7.83 (1H, dd, J = 8.7. 7H2). 7.94 (1H. dd. J = 8.8. 1.4Hz). 8.40 (1H, s) 



75 



25 



Example 7 

According to the same manner as that described in Examples 2 and 5, the following compounds were 
obtained. 

3-Dimethylaminomethyl-5-[2-(methylsulfonyIamin6)ethylthio]imida2o[1 ,2-a]pyridine' dihydrochloride 
30 (Compound 16) 



35 



Elemental analysis for Ci 3H20N4O2S2 •2HCI, 


Calcd.: 
Found : 


C. 38.05; 
. C, 38.33; 


H..5.65; 
H. 5.65; 


N, 13.65 
N. 13.61 



40 



NMR (90MH2. DMSO-d6-D20) 5: 2.95 (9H. s). 3.30 (4H, m). 5.08 (2H. s). 7.68-8.06 (3H. m), 8.43 (1H, s) 
Example 8 



According to the same manner as that described in Example 3, the following compounds were obtained. 
(1) 2-Methyl-5-{2-methylsulfonylamino)ethylthio]imida2o[1.2-a]pyridine (Compound 17) 
Melting point: 179-181 *C 



50 


Elemental analysis for Ci 1 H15N3O2S2, 


Calcd.: 


C, 46.29; 


H. 5.30; 


N, 14.72 




Found : 


C. 46.03; 


H. 5.27; 


N, 14.39 



55 (2) 2-Ethoxycarbonylmethyl-5-[2-(methylsulfonylamino)ethylthio]imida20[1,2-a]pyridine (Compound 18) 

NMR (90MH2, CDCI3) 6: 1.29 (3H, t. J = 7H2). 2.95 (3H. s), 3.05-3.48 (4H. m), 3.88 (2H. s). 4.22 (2H. q, 
J = 7H2). 5.61 (1H, br). 6.97 (1H. dd, J = 7. I.5H2). 7.12 (1H. dd. J = 9, 7H2). 7.53 (1H, d. J = 9H2). 7,86 (1H. 
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s) 

(3) 3-Ethoxycarbonyl-2-methyl-5-[2-(methylsulfonylamino)ethylthio]imidazo(1.2-a]pyridine 
(Compound 19) 

5 

NMR (90MH2. CDCb) 5; 1.40 (3H, t. J = 7Hz). 2.60 (3H, s). 2.85 (3H, s). 3.21 (4H. m). 4.43 (2H. q. J = 7H2). 
5.20 (1 H. br), 7.07 (1 H. dd. J = 7. 1 .SHz). 7.33 (1 H. dd, J = 9. 7H2). 7.51 (1 H. dd. J = 9, 1 .5Hz) 

(4) 2-Ethoxycarbony]-5-[2-(methylsulfonyIamino)ethylthio]innidazo[1.2-a]pyridine (Compound 20) 

10 

NMR (90MHz, DMSO-ds) 5: 1.34 (3H. t. J = 7H2). 2.92 (3H. s). 3.26 (4H. m). 4.30 (2H. q. J = 7Hz). 7.23 (1H. 
dd. J = 7. 1Hz). 7.30 (1H. br), 7.39 (1H. dd, J = 9. 7H2), 7.64 (1H. d, J = 9Hz), 8.43 (1H, s)- 

Example 9 

75 

Synthesis of 2-carboxymethyl-5-(2-(methylsulfonylamino)ethylth!o]imidazo[1 ,2-a]pyridine (Compound 21) 

To a solution of 2-ethoxycarbonyl-5-[2-(methylsuifonylamino)ethylthio]imidazo[1 ,2-a]pyridine (1.65 g, 
4.62 mmoJes) in methanol (5 ml) was added IN NaOH (6.93 ml. 6.93 mmoles) and the mixture was stirred 
20 at room temperature for 2.5 hours. After the reaction mixture was washed with methylene chloride, IN HCI 
(17.39 ml, 17.39 mmoles) was added thereto and the solvent was distilled off. Water was added to the 
residue and the resulting solid was washed with water and dried to obtain 777 mg of the desired product 
(51.1%, colorless solid). 



Elemental analysis for Ci2Hi5N304S2 


Calcd,: 
Found : 


C. 43.76: 
C. 43.68: 


H, 4.59: 
H, 4.60: 


N, 12.76 
N, 12.64 



NMR (200MH2, DMSO-de) 6: 2.92 (3H. s), 3.24 (4H. s), 3.75 (2H, s), 7.09 (1 H, dd. J = 7.2. 1Hz). 7.27 (1H. 
dd, J = 9, 7.2Hz). 7.36 (1 H, br), 7.48 (1 H, d. J = 9Hz), 7.86 (1 H. s) 

Example 10 

According to the same manner as that described in Examples 2 and 3 (1), the following compounds 
were obtained. 

(1) 5-[2-(N-Methyl-N-methylsuIfonylamino)ethylthio]imida2o[1,2-a]pyridine (Compound 22) 

NMR (200Hz. CDCI3) 5: 2.82 (3H, s). 2.89 (3H. s), 3.22 (2H, m). 3.40 (2H. m), 7.03 (1H. dd. J = 7, IH2). 7.19 
(1 H. dd, J = 9, 7Hz). 7.62 (1 H. d. J = 9H2). 7.72 (1 H, d, J = 1 .2H2). 7.86 (1 H, s) 

(2) 5-[2-(N-methyl-N-methylsulfonylamino)ethylthio]imidazo[1 .2-a]pyridine " hydrochloride 
(Compound 23) 

Melting point: 152-154* C 



(3) 5-[2-(methylsulfonylamino)ethylsulfinyl]imidazo[1,2-a]pyridine (Compound 24) 

50 





Elemental analysis for C10H13N3O3S2 '2H2O, 




Calcd.: 


C. 41.28: 


H, 4.64: 


N, 14.44 


55 


Found : 


C. 41.48; 


H. 4.57; 


N. 14.66 



NMR (200H2. CDCIa-DMSO-de) 5: 2.98 (3H. s). 3,16-3.33 (1H, m). 3.39-3.76 (3H. m). 7.33-7.47 (3H, m) 
7.33-7.84 (2H. m). 8.03 (IH. m) 



28 
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(4) 5-[2-(Methylsulfonylamino)ethylsulfonyl]imfda2o[1.2-a]pyridine (Compound 25) 



5 


Elemental analysis for CioHi3N3G4S2. 




Calcd.: 


C. 39.59: 


H, 4.32; 


N. 13.85 




Found : 


C. 39.31: 


H. 4.33; 


N, 13.78 



NMR (200Hz. CDCl3-DMSO-ds) 5: 2.88 (3H, s). 3.45-3.66 (4H. m), 7.40 (1H. d. J = 9. IHz), 7.71 (1H dd 
J = 7. 1.2H2). 7.85 (1H: d. J = 1 .2H2). ,7.96 (1H. d. J = 9H2). 8.30 (1H. s) 

(5) 5-[2-{Trifluoromethylsulfonylamlno)ethyIthto]imida2o[1.2-a]pyridine (Compound 26) 

NMR (90H2. DMSO-de) 5: 3.12-3.52 (4H. m). 7.13 (1H. dd, J = 7. I.SHz). 7.28 (1H, dd, J = 9 7H2) 7 61 (1 H 
d. J = 9H2). 7.71 (1 H. d. J = 1 .5Hz), 8.02 (1 H, s) 

(6) 5-[3-(Methylsulfonylamino)propylthio]imidazo[1,2-a]pyridine (Compound 27) 



20 



Elemental analysis for Ci i Hi 5N3O2S2, 


Calcd.: 
Found : 


C. 46-29; 
C, 46.35; 


H, 5.30; 
H, 5.34; 


N, 14.72 
N, 14.71 



25 

NMR (90H2. CDCI3) 5: 1.90 (2H, m). 2.93 (2H, s). 3.07 (2H. m). 3.27 (2H. m). 5.54 (1H. br). 6.90 (1H dd 
J = 7. 1 Hz). 7.1 1 (1 H, dd. J = 9. 7H2). 7.57 (1 H, d. J = 9H2j. 7.65 (1 H. d. J = 1 .5Hz). 7.82 (1 H. s) 

(7) 5-[3-(Trifluoromethylsulfonylamino)propyithio]imidazo[1,2-a]pyridine (Compound 28) 

30 





Elemental analysis for Ci 1 Hi2N302S2F3, 




Calcd.: 


C. 38.93; 


H, 3.56; 


N. 12.38 


35 


Found : 


C. 38.91; 


H, 3.64; 


N. 12.27 



NMR (200Hz. CDCl3-DMS0-dG) 5: 1.91 (2H. m). 3.09 (2H. t, J = 7.2H2). 3.36 (2H, t,. J = 6.2H2). 6.97 (1H dd 
J = 7. 1 Hz). 7.1 9 (1 H. dd. J = 9, 7H2). 7.58 (1 H. dd. J = 9. 1 Hz). 7.70 (1 H. d. J = 1 .2Hz). 7.88 (1 H. s) 

40 

(8) 5-[1 -(Methylsulfonyl)-4-piperidy lthio]imidazo[1 ,2-a]pyridine * hydrochloride 
(Compound 29) 

Melting point: 191-200* C 

NMR (200Hz. CDCI3) Of the free compound 5: 1.70-2.13 (4H, m), 2.79 (3H s). 2.90 (2H. m), 3.35 (1H. m). 
3-69 (2H. m). 7,05 (1H. dd. J = 7. 1.2Hz). 7.17 (1H. dd. J = 8.8. 7Hz). 7.67 (1H. d. J = 8.8Hz) 7 71 (1H d 
J = 1.2Hz). 7.96 (1H. s) ' ' . * 

(9) 5-[2-(Phenylsulfonylamino)ethylthio]imidazo[1.2-a]pyridine (Compound 30) 

50 





Elemental analysis for Ci5Hi5N302S2, 




Calcd.: 


C, 54.03; 


H. 4.53; 


N, 12.60 


55 


Found : 


C. 53.88; 


H, 4.53: 


N, 12.43 



NMR {200H2, CDCI3) 6: 3.01-3.23 (4H. m), 5.05 (1H. br). 6.84 (1H. d, J = 7Hz). 7.08 (1H, dd, J = 9 7H2) 
7.41-7.63 (4H, m). 7.68 (1 H. d. J = 1 ,4H2). 7.75-7.83 (3H, m) 



29 
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(10) 5-[2-[4-(Methyl)phenylsulfonylamino]ethylthio]imida20(1.2-a]pyridine (Compound 31) 



70 



Elemental analysis for CisHi 7N3O2S2 *0.5H2O. 


Calcd.: 
Found : 


C, 53.91: 
C, 54.13; 


H. 5.09; 
H. 4.94; 


N. 11.79 
N. 11.57 



NMR (90H2. CDCb-DMSO-ds) 5: 2.39 (3H. s). 3.16 (4H. m), 6.90-7.33 (3H, m). 7.47-7.90 (7H. m) 
(11) 5-[2-[4-(Acetamido)phenylsulfonylamino]8thyIthio]imidazo[1 ,2-a]pyridine (Compound 32) 



75 


Elemental analysis for CwHisN^O 


aSsMHsO. 




Calcd-: 


C, 49.98: 


H. 4.93; 


N. 13.72 




Found : 


C. 50.16; 


H, 4.60; 


N. 13.60 



20 NMR (200H2. DMSO-de) 5: 2.09 (3H, s), 2.98 (2H, m), 3.13 (2H, m), 6.99 (1 H. dd, J = 1H2), 7.23 (1H. dd, 
J = 9. 7Hz), 7.52-7.77 (6H. m), 7.83 (1H. br), 7.90 (1H, m) 

(12) 5-[2-[4-(Acetamido)pheny lsulfonylamino]ethylthio]imidazo[1 .2-a]pyridine * hydrochloride 
(Compound 33) 



25 



Melting point: 126-130 C 

(13) 5-[2-[4-(Chloro)phenylsulfonyIamino]ethylthio]imidazo[1 ,2-a]pyrid(ne (Compound 34) 



30 



35 



40 



Elemental analysis for Ci5Hi4N3O2S2CI*0-5H2O, 


Calcd.: 
Found : 


C. 47.80; 
C, 48.03: 


H, 4.01; 
H. 3.63; 


N, 11.15 
N. 11.18 



NMR (200Hz. CDCIa-DMSO-de) 5: .3.68 (4H, m), 6.98 (1H. d. J = 7H2). 7.18 (1H. dd. J = 9, 7Hz), 7.44 (2H. 
m). 7.56 (1 H. d. J = 9H2). 7.67 (1 H, d. 1 .2Hz). 7.74 (2H. m). 7.83 (1 H, s), 7.87 (1 H. br) 

(14) 5-[2-[4-(Fluoro)phenylsulfonylamino]ethylthio]imidazo[1,2-a]pyrldine (Compound 35) 



45 



50 



Elemental analysis for Ci5Hi4N302S2F 


Calcd.: 
Found : 


C. 51.27; 
C. 51.16: 


H. 4.02; 
H, 4^05: 


N. 11.96 
N, 12.05 



NMR (200Hz. CDCb-DMSO-dg) 5: 3.08 (4H, m), 6.95 (1H, dd, J = 7, 1Hz). 7.07-7.20 (3H, m). 7.48 (1H, br). 
7.58 (1H. d. J = 9H2). 7,68 (1H, d, J = 1.2Hz). 7.77-7.86 (3H, m) 

(15) 5-[2-(4-(Methoxy)phenyIsulfonylamino]ethylthio]imidazo[1 ,2-a]pyridine (Compound 36) 



55 



Elemental analysis for CisHi 7N3O3S2 •O.3H2O, 



Calcd.: 
Found : 



C. 52.10: 
C. 52.25; 



H. 4.81; 
H. 4.73; 



N. 11.39 
N. 11.47 



30 
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NMR (200Hz, CDCb-DMSO-ds) 5: 3.07 (4H. m), 3.86 (3H. s). 6.86-6.97 (3H. m), 7.15 (1H, dd, J = 9. 7Hz). 
7.20 (1H. br). 7.57 (1H. d. J = 9H2). 7.64-7.76 (3H, m), 7.81 (1H. s) 

(16) 5-[2-[2,4.5-(TrichIoro)phenylsulfonylamino]ethylthio]imidazo[1.2-a)pyridine (Compound 37) 





Elemental analysis for C1SH12N3O2S2CL3 •O.5H2O. 




Calcd.: 


C. 40.42; 


H. 2.94; 


N. 9.43 


10 


Found : 


C. 40.65; 


H, 2.74; 


N. 9.50 



NMR (200Hz. CDCl3-DMSO-ds) 5: 3.07-3.25 (4H. m). 6.95 (1H. dd. J = 7. 1Hz), 7.16 (1H. dd. J = 9. 7Hz). 
7.57 (1 H. d. J = 9Hz), 7.59 (1 H, s). 8.07 (1 H. s) 

(1 7) 5-[2-[2.4.6-(Trimethyl)phenylsulfonylamino]ethylthio)imidazo[1 ,2-a]pyridine (Compound 38) 



20 


Elemental analysis for C18H21 N3O2S2, 


Calcd.: 


C. 57.57; 


H. 5.65; 


N. 11.19 




Found : 


C, 57.32; 


H, 5.65: 


N. 1 1 .09 



NMR (200H2. CDCI3) 5: 2.30 (3H, s). 2.58 (6H. s). 2.98-3.20 (4H. m). 5.00 (1H. br), 6.81 (1H, d, J = 7Hz). 
25 6.92 (2H, s), 7.08 (1 H. dd, J = 9, 7Hz). 7.60 (1 H. d, J = 9Hz). 7.68 (1 H. s), 7.77 (1 H, s) 

(18) 5-[2-[2,4,6-(Trirsopropyl)phenylsulfonylamino]ethylthio]imida2o[1.2-a]pyridtne 
(Compound 39) 



Elemental analysis for C2aH33N302S2. 


Calcd.: 
Found : 


C. 62.71; 
C. 62.65: 


H. 7.24; 
H. 7.15: 


N. 9.14 
N, 9.07 



NMR (200Hz. CDCI3) 5: 1.24 (12H. d. J = 6.8Hz). 1.26 (6H. d. J = 7H2). 2.94 (1H. heptet. J = 7Hz), 3.06-3.25 
(4H, m). 4.10 (2H, heptet, J = 6.8Hz). 4.90 (1H. br). 6.83 (1H, dd. J = 7. 1Hz). 7.08 (1H. dd. J = 9. 7Hz). 7.59 
(1 H. d. J = 9Hz). 7.68 (1 H. d. J = 1 ,2Hz). 7.80 (1 H, m) 

(19) 5-[2-t(2-Thienyl)sulfonylamino]ethylthio]imida2o[1,2-a]pyridine (Compound 40) 



45 


Elemental analysis for Ci 3H1 3N3O2S3, 


Calcd.: 


C. 46.00; 


H. 3.86; 


N, 12.38 




Found : 


C. 45.71; 


H. 3.88; 


N. 12.30 



NMR (200Hz. DMSO-ds) 5: 3.03-3.20 (4H. m). 7.04 (1H. dd. J = 7, 1Hz). 7.12 (1H. m). 7.26 (1H. dd. J = 9. 
50 7Hz). 7.50-7.61 (2H. m). 7.69 (1 H. d. J = 1 .4Hz). 7.89 (1 H. m), 7.93 (1 H. m). 8.1 6 (1 H. br) 

(20) 5-[2-[(2-Thienyl)sulfony!amino]ethylthio]imida2o[1 .2-a]pyridine hydrochloride 
(Compound 41) 

55 Melting point: 140-143* C 



31 
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Eiemental analysis for Ci 3Hi 3N3O2S3 * HCI. 


Calcd.: 
Found : 


C. 41.54; 
C, 41.25; 


H. 3.75; 
H. 3.80; 


N. 11.18 
N, 11.05 



(21) 5-[2-[(1-Naphthyl)sulfonylamino]ethylthio]imida20[1.2-a]pyridine (Compound 42) 

70 



Elemental analysis for Ci 9H17N3O2S2. 


Calcd.: 
Found : 


C, 59.51; 
C. 59.73; 


H. 4.47; 
H, 4.61; 


N, 10.96 
N. 10.77 



75 

NMR (200Hz. CDCI3) 5: 2.97 (2H. m). 3.07 (2H, m). 5.55 (1H, br). 6.56 (1H, dd. J = 7. 1Hz). 6.92 (1H. dd. 
J = 9. 7Hz), 7.44-7.72 (6H, m). 7.96 (1H, m), 8.06 (1H, d. J = 8.2H2), 8.20 (1H, dd. J = 7.4,- 1 .2Hz), 8.64 (1H, 
m) 

20 (22) 5-[2-[(1-Naphthyl)sulfonylamino]ethylthio]imida2o[1 ,2-a]pyridine hydrochloride 
(Compound 43) 
Melting point: 179-185"C 

(23) 5-[2-[(2-Naphthyl)sulfonyfamino]ethylthio]imida2o[1.2-a]pyridine (Compound 44) 

25 

Melting point: 179-185" C 





Elemental analysis for C19H1 7N3O2S2 •0-2H2O, 


30 


Calcd.: 


C. 58.95: 


H, 4.53; 


N. 10.86 




Found ; 


C. 59-15; 


H. 4.78; 


N. 10.55 



NMR (200Hz, CDCI3) 5: 3.07 (2H, m). 3.20 (2H. m), 5.31 (1H. br). 6.74 (1H, dd. J = 7. 1Hz), 6.89 (1H. dd, 
J = 9. 7Hz), 7.51 (1H. d. J = 9Hz). 7.58-7.85 (5H. m). 7.88-7.97 (3H. m). 8.39 (1H. d. J = 1.6H2) 

(24) 5-[2-[(2-Naphthyl)sulfonylamino]ethylthio]imidazo[1,2-a]pyridine* hydrochloride 
(Compound 45) 

Melting point: 170-175* C 

(25) 5-[2-[(8-Quinolyt)sulfonylamino]ethylthio]imidazo[1.2-a]pyridine (Compound 46) 



45 


Elemental analysis for Ci8Hi6N402S2 




Calcd.: 


C. 56.23; 


H, 4.19; 


• N. 14.57 




Found : 


C. 56.39; 


H, 4.23; 


N. 14.69 



50 NMR (200Hz. CDCI3) 6: 3.00-3.22 (4H, m), 6:65 (1H. dd. J = 7. IH2). 6.81 (1H. br), 6.97 (1H. dd. J = 9, 7H2). 
7.47-7.74 (5H, m ), 8.06 (1H. dd. J = 8.4. 1.4H2). 8.26 (1H. dd, J = 8.4. 1.8Hz), 8.40 (1H. dd. J = 7.2. 1 .4H2). 
8,95 (1H. dd. J = 4.2. 1.8Hz) 

(26) 5-(2-[8-(Quinoly l)sulfonylamino]ethylthioimidazo[1 .2-a]pyrrdine • hydrochloride 
55 (Compound 47) 

Melting point: 190-1 96* C 



32 
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(27) 5-(2-(5-(Dimethylamino)-(1-naphthy!su!fonylarnino)]ethylthio]imida2o[1 ,2-a]pyridine (Compound 48) 

NMR (200H2, CDCI3) 5: 2.90 (6H. s). 2.93-3.12 (4H. m), 5.46 (1H. br). 6.56 (1H, dd. J = 7. 1Hz). 6.92 (1H. dd. 
J = 9. 7Hz). 7.19 (1H. d. J = 7.6Hz). 7.43-7.63 (4H, m). 7.67 (1H. s). 8.18 (1H, dd. J = 7.4. 1 .2H2), 8.27 (1H, d. 
5 J = 8.6Hz). 8.53 (1 H. d. J = 8.6Hz) 

(28) 5-[2-[(E)-Styrylsulfonyfamino]ethylthio]imidazo[1.2-a]pyridine (Compound 49) 



10 



15 



Elemental analysis for Ci 7H1 7N3O2S2, 


Calcd.: 
Found : 


C. 56.80: 
C. 56.95; 


H, 4.77; 
H. 4.84; 


N. 11.69 
N. 11.62 



20 



NMR (200H2. CDCI3) 5: 3.14-3.34 (4H, m), 4.95 (1H. br). 6.70 (1H. d, J = 15.4H2). 6.98 (1 H. dd. J = 7. 1Hz). 
7.09 (1 H. dd. J = 9. 7H2). 7.43 (5H. m). 7.46 (1 H. d. J = 1 5.4H2). 7.59 (1 H, d. J = 9Hz). 7.68 (1 H. d. J = 1 .4Hz). 
7.84 (1H.S) 

(29) 5-[2-[N,N-di-(E)-StyrylsulfonyIamino]ethyfthio]imida2o[1 ,2-a]pyridine (Compound 50) 



25 



Elemental analysis for C25N23N3 


0. 


S3, 


Calcd.: 


C, 57.12; 


H, 4.41; 




N. 7.99 


Found : 


C, 57.07; 


H. 4.48; 




N. 7.81 



NMR (200H2, CDCI3) 5: 3.33 (2H. m), 3.91 (2H. m). 7,05 (1H. dd. J = 7. 1Hz). 7.12 (2H, d, J = 15.4Hz). 7.18 
(1H. dd. J = 8.8, 7H2). 7.38-7.56 (12H. m), 7.61 (1H, d, J = 8.8Hz). 7.66 (1H, d. J = 1,2Hz). 7.77 (1H. s) 

30 

(30) 5-[2-[2-(Acetylamino)-4-(methyl)-(5-thiazolyl)sulfonylamino]ethylthio]imidazo[1 .2-a]pyridine (Compound 
51) 

NMR (200Hz. DMSO-de) 5: 2.17 (3H. s), 2.38 (3H. s). 3.07-3.49 (4H, m). 7.02 (1H, d, J = 7.2Hz), 7.23 (1 H. 
35 dd. J =8.8. 7.2Hz). 7.54 (1H, d, J = 8.8Hz). 7.67 (1H. s,). 7.90 (1 H. s). 8.20 (1H. br) 

(31) 5-[3-(1-Naphthylsulfonylamino)propylthio]imidazo[1,2-a]pyridine (Compound 52) Melting point: 140- 
14rc 



40 



45 



Elemental analysts for C20H19N3O2S2. 


Calcd.: 
Found : 


C. 60.43; 
C, 60-58; 


H. 4.82; 
H, 4.85; 


N. 10.57 
N, 10-60 



50 



(32) 5-[2-[N-Methy!-N-(1-naphthylsulfonylamino)]ethyIthio]imidazo[l,2-a]pyridine hydrochloride (Compound 
53) 

Melting point: 161-164* C 



55 



Elemental analysis for C2oHi9N302S2 * HCI, 


Calcd-: 
Found : 


C, 55.35; 
C. 55.31; 


H, 4.65; 
H. 4.69; 


N. 9.68 
N. 9-55 



NMR (200Hz, CDCI3) of the free compound: 5: 2.90 (3H. s), 3.12 (2H. m). 3-42 (2H. m). 6-92 (1H. dd, J = 7. 

33 
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1H2). 7.14 (1H. dd. J = 9. 7H2). 7.45 (1H. dd. J = 8.4. 7.4Hz). 7.53-7.71 (5H. m), 7.90 (IH. m), 8.02 (1H d 
J = 8-4HZ), 8-09 (1 H, dd. J = 7.4, 1 .2H2), 8.60 (1 H. m) 

(33) 5-[2-[N-Ethyl-N-(1-naphthylsulfonylamino)]ethylthio]imidazo[1.2-a]pyrfdine hydrochloride (Compound 
5 54) 

Melting point: 178-185* C 



10 


Elemental analysis for C21 H2i N3O2S2 ' HCI, 




Calcd.: 


C. 56.30; 


H. 4.95: 


N, 9.38 




Found : 


C. '56.27; 


H. 4.97: 


N. 9.29 



NMR {200H2, CDCI3) of the free compound 6: 1.06 (3H, t. J = 7.2H2). 3.06 (2H. m). 3.30-3.50 (4H. m). 6.90 
(1H, d, J = 7.2Hz). 7.15 (1H. dd. J = 9. 7.2H2), 7.41 (1H, m), 7.53-7.71 (5H, m), 7.86-8.10 (3H, m) 8 54 (1H 
m) 

(34) 5-[2-[N-(2-Hydroxyethyl)-N-(1-naphthytsulfonylamino)]ethylthio]imida2o[1,2-a]pyridine hydrochloride 
(Compound 55) 

Melting point: 1 72-1 76 ' C 



Elemental analysis for C21 H21 N3O3S2 'HCl. 


. Calcd.: 
Found : 


C, 54.36; 
C, 54.74; 


H. 4.78; 
H, 4.85; 


N. 9.06 
N, 8-88 



NMR (200Hz, CDCI3) of the free compound 5: 2.10 (1H, br). 3.18 (2H. m), 3.41-3.62 (4H, m), 3.74 (2H. t. 
30 J = 5-2H2), 6.90 (1H, dd, J = 7. IH2). 7.12 (1H. dd, J = 9. 7H2). 7.42 (1H, m). 7.85-8.10 (3H m) 7 85-8 10 
(3H. m). 8.56 (1H. m) 

(35) 2-Methyl-5-[2-(1-naphthylsulfonylamino)ethylthio)imidazo[1.2-a]pyridine (Compound 56) 



Elemental analysis for C20H19N3O2S2. 


Calcd.: 
Found : 


C. 60.43; 
C. 60.24; 


H. 4.82; 
H,4.84; 


N, 10.57 
N. 10.52 



NMR (200H2, CDCI3) 6: 2 44 (3H. s). 2.89-3.11 (4H. m), 5.30 (1H. br). 6.47 (1H. dd. J = 7. 1.2H2). 6.85 (1H. 
dd, J = 9. 7H2), 7.36-7.53 (3H. m). 7.96 (1 H, dd. J = 6.8. 1 .8H2). 8.06 (1 H. d. J = 8.2H2). 8.1 9 (1 H. dd J = 7 4 
1 .2H2). 8.63 (1 H. d. J = 8.4H2) 

(36) 3-Ethoxycarbonyl-2-methyl-5-[2-[1-(naphthyl)sulfonylamino]ethylthio]imida20[1.2-a]pyridine (Compound 



50 


Elemental analysis for C23H23N3O4S 


2*0.5H2O. 




Calcd.: 


C, 57.72; 


H. 5.05; 


N. 8.78 




Found : 


C, 57.85; 


H. 5.02; 


N, 8.63 



55 NMR (200H2, CDCI3) 6: 1.41 (3H, t. J = 7.2Hz). 2.61 (3H. s), 2.95-3.05 (4H. m), 4.42 (2H. q. J = 7.2H2). 5.29 
(1H. br). 6.82 (1H. dd. J = 7.2, IH2), 7.22 (1H. dd. J = 9. 7,2Hz), 7.42-7.66 (4H. m). 7.91 (1H, m). 8.04 (1H, d. 
J = 8H2). 8.1 6 (1 H, dd, J = 7.4, 1 .4H2). 8.54 (1 H, m) 



34 
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(37) 2-Ethoxycarbonyl-5-[2-(1 -naphthylsulfonylamino)ethylthio]imida2o[1 .2-a]pyridine 
(Compound 58) 



70 



Elennental analysis for C22H21 N3O4S2. 


Calcd.: 
Found : 


C, 58.00: 
C, 57.79; 


H. 4.65; 
H. 4.63; 


N. 9.22 
N, 9.24 



NMR (200H2, CDCI3) 6: 1 -45 (3H. t, J = 7.2H2), 2.98 (2H. m). 3.1 2 (2H. m), 4.47 (2H. q. J = 7. 2H2), 5.26 (1 H, 
br). 6,65 (1H. dd. J = 7, 1Hz), 7.03 (1H, dd, J = 9. 7Hz). 7.44-7,73 (4H. m). 7.95 (1H. dd. J = 7.8, 1.6Hz), 8.05 
(1H, d, J = 8.2Hz). 8.19 (1H. dd. J = 7.2, 1.2Hz), 8.24 (1H. s). 8.62 (1H. m) 



75 



Example 1 1 

According to the same manner as that described in Example 4 (1), the following compound was 
obtained. 



20 



3-Bromo-5-[2-(1 -(naphthyl)sulfonylamino)ethylthio]imida2o[l ,2-a]pyridine (Compound 59) 



25 



Elemental analysis for Ci3H-,6N302S2Br, 


Calcd.: 
Found : 


C. 49.35: 
C. 49.39: 


H, 3-49: 
H. 3.47; 


N, 9.09 
N. 8.98 



NMR (200Hz, CDCI3) a: 2.91 (2H. m), 3.10 (2H, m), 5.32 (1H, br), 6.51 (1H, dd. J = 7. IH2), 6.83 (1H. dd. 
J =9. 7Hz), 7.43-7.73 (5H. m), 7.94 (1H, dd, J = 7.8. 1.6Hz). 8.04 (1H, d, J = 8.2H2). 8.19 (1H. dd, J = 7.4, 
30 1 .2Hz). 8.64 (1 H. d, J = 8-2Hz) 

Example 12 

According to the same manner as that described in Example 3 (1), the following compounds were 
35 obtained. 

(1) 5-[2-(Methylsulfonylamino)ethylamino]imldazo[1,2-a]pyridine (Compound 60) 

NMR (90Hz. CDCl3-DMSO-d8) 5: 2.90 (3H, ,s), 3,44 (4H. m), 6.16 (1H. d, J = 7.5Hz), 6.99 (1H, d. J=9Hz). 
40 7.28 (2H, br), 7.43 (1 H, dd, J = 9. 7.5Hz), 7.66 (1 H, d, J = 1 .5Hz). 8.23 (1 H. s) 

(2) 5-[3-(Methylsulfonylamino)propylamino]imidazo[1,2-a]pyridine (Compound 61) 

NMR (90H2, CDCl3-DM60-d6) 5: 1.97 (2H. m), 2.90 (3H, s), 3.17 (2H, m). 3.46 (2H, m), 6.19 (1H. d, J = 8H2). 
45 6.91-7.20 (2H, m). 7.37-7.63 (2H, m). 7.71 (1H, d, J = 2Hz). 8.36 (1H. d. J = 2Hz) 



(3) 5-[2-(Methylsulfonylamino)ethytoxy]imida2o[1.2-a]pyridine (Compound 62) 



Elemental analysis for C^cHisNsOsS, 


Calcd.: 
Found : 


C. 47.05; 
C, 46.95; 


H, 5.13: 
H, 5.17; 


N, 16.46 
N. 16.38 



NMR (200MHz, DMSO-dg) 5: 2.98 (3H. s), 3.49 (2H. m). 4.35 (2H. t. J = 5.2H2), 6.34 (1H. dd, J = 6, 1.6Hz), 
7,16-7:32 (2H, m), 7.50 (1H, br), 7.57 (1H, d. J = 1.2Hz), 7.91 (1H, s) 

(4) 5-[2-(TrifluoromethylsuIfonylamino)ethyloxy]imidazo(1.2-a]pyridine (Compound 63) 

35 
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NMR (200MHz. DMSO-ds) 5: 3.71 (2H. m). 4.38 (2H. t. J = 5Hz). 6.38 (1H. dd. J = 6.6. 1.6Hz). 7.19-7.34 (2H. 
m). 7.60 (1H, s). 7.87 (1H. s) 

(5) 5-[3-(methylsulfonylannino)propyloxy]imidazo[1,2-a]pyridine (Compound 64) 

NMR (200Hz. CDCb-DMSO-ds) 6: 2.20 (2H. m). 2.93 (3H, s), 3.35 (2H, m). 4.39 (2H, t, J = 6.2Hz). 6.1.1 (1H. 
dd. J = 6.8, 1.6H2). 6.91 (1H. br). 7.14-7.29 {2H, m). 7.57 (1 H. d. J = 1.4Hz). 7:67 (1H, m) 

(6) 5-[3-(Trifluoromethylsulfonylannino)propyloxy]imida2o[1.2-a]pyridine (Compound 65) 

NMR (200Hz. DMSO-de) 5: 2.05 (2H. m). 2.91 (3H. s). 3.21 (2H. m). 4.38 (2H. t. J = 6H2). 6.35 (1H. dd, J = 7. 
1.2H2). 7.10-7.32 (3H. m). 7.56 (1H, d. J = 1.4Hz). 7.78 (1H. s) 

(7) 5-[4-(methylsulfonylamtno)butyIoxy]imida20(1.2-a]pyridine (Compound 66) 





Elemental analysis for C-. 2Hi 7N3O3S, 




Calcd.: 


C. 50.87; 


H, 6.05; 


N, 14.83 


20 


Found : 


C. 50.60: 


6.11; 


N, 14.78 



NMR (200H2. CDC3) 5: 1.87 (2H. m). 2.04 (2H. m). 2.99 (3H. s), 3.28 (2H, m). 4.29 (2H, t, J = 6.2H2). 4.58 
(1H. br). 6.04 (1H. d. J = 7.2H2). 7.17 (1H, dd, J = 9. 7.2Hz), 7.29 (1H. d. J = 9Hz). 7.59 (1H. d. J=1.4H2). 
7.63 (1H. m) 

(8) 5-[4-(Trif!uoromethylsulfonylamino)butyIoxy]tmidazo[1,2-a]pyridine (Compound 67) 



30 


Elemental analysis for Ci 2H14N3O3SF3 




Calcd.: 


C. 42.73; 


H, 4.18; 


N. 12.56 




Found : 


C. 42.53: 


H, 4.27: 


N. 12.25 



35 NMR (200H2. CDCb-DMSO-ds) 5: 1.87 (2H, m), 2.03 (2H, m). 3.30 (2H. m). 4.30 (2H. t, J=6Hz). 6.08 (1H. 
dd, J = 6.4. 1.4H2). 7.14-7.28 (2H, m), 7.57 (1H, s), 7.68 (1H. s) 

(9) 5-[5-(Methylsulfonylamino)pentyloxy]imtda2o[1,2-a]pyridine (Compound 68) 

40 



45 



so 



Elemental analysis for Ci3Hi9N303S 



Calcd.: 
Found : 



C. 52.51; 
C, 52.22: 



H, 6.44; 
H, 6.53; 



N, 14.13 
N. 13.83 



NMR (200H2. CDCI3) 5: 1.54-1.80 (4H. m), 1.97 (2H. m). 3.20 (2H, m). 4.25 (2H. t. J=6.2Hz). 4.59 (1H. br), 
6.02 (1H, dd, J = 7.2. IH2), 7.17 (1H, dd, J = 9. 7Hz). 7.28 (1H, d. J = 9Hz). 7.59(1H, d, J=1.4H2). 7.63 (1H. 
m) 

(10) 5-[5-(Trifluoromethylsulfonylamino)penty!oxy]imida2o[1 .2-a]pyridine (Compound 69) 



55 


Elemental analysis for Ci 3Hi&N303SF3. 


Calcd.: 


C. 44.44; 


H. 4.59; 


N, 11.96 




Found : 


C, 44.47; 


H. 4.63; 


N, 11.71 
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NMR (200H2. CDCI3) 5: 1.63-2.02 (6H. m). 3.42 (2H. m). 4.18 (2H, t. J = 6H2). 5.94 (1H, d. J = 7H2), 7.12 (1H. 
dd. J = 9. 7Hz). 7.23 (1 H. d. J = QHz). 7.30 (1 H. d. J = 1 Hz). 7.41 (1 H. d. J = 1 Hz) 

(1 1 ) 5-[6-(Methylsulfonylamino)hexyloxy]imida2o[1 .2-a]pyridine (Compound 70) 

5 





Elemental analysis for C14H21 N3O3S*0.2H2O. 




Calcd.: 


C, 53.38; 


H, 6.85; 


N. 13.34 


10 


Found : 


C. 53.67; 


H. 7.04; 


N, 13.28 



NMR (200Hz. CDCI3) 5: 1.40-1.73 (6H. m). 1.91 (2H. m). 3.17 (2H, m). 4,24 (2H. t. J = 6.2Hz). 4.61 (1H. br). 
6.02 (IK dd. J = 7. 1Hz). 7.17 (1H. dd. J = 9. 7H2). 7.28 (1H, d. J = 9Hz), 7.59 (1H. d, J = 1 .4Hz). 7.65 (Ih! 
m) 

(12) 5-[6-(Trifluoromethylsulfonylamino)hexyloxy]imida2o[1,2-a]pyridine (Compound 71) 

NMR (200H2. CDCI3) 5: 1.32-2.03 (8H, m), 3.37 (2H, t. 6.6H2). 4.17 (2H. t. J=6.2H2), 5:97 (1H. d. J = 7Hz). 
7.16 (1H. dd. J = 9. 7H2). 7.21 (1H. br), 7.25 (IN, d. J = 9Hz), 7.51 (1H. d. J = 1.1H2), 7.54 (1H, s) 

(13) 5-[2-(Methytsulfonylamino)propyloxy]imida20[1,2-a]pyridine (Compound 72) 
Melting point: 171-172' C 

?5 

(14) 5-[1-(Methylsulfonylamino)-(2-propyloxy)]imida2o[1.2-a]pyridine (Compound 73) 



30 


Elemental analysis for Ci 1H15N3O3S. 


Calcd.: 


C. 49.06; 


H, 5.61; 


N. 15.60 




Found : 


C, 48.81; 


H, 5.63; 


N. 15.59 



NMR (200H2. CDCI3) 5: 1.47 (3H. d. J = 6.2 Hz). 3.01 (3H, s). 3.50 (2H. m). 4.84 (1H. m). 6.10 (1H. d. 
35 J = 7.4H2), 6.38 (1 H. br). 7.09 (1 H. dd, J = 9. 7.4Hz), 7.21 (1 H. d. J = 9Hz). 7.41 (1 H, d. J = 1 .4Hz) 

(15) 5-[2-(Methylsulfonylamino)-1-(phenyl)ethyloxy]imidazo[1,2-a]pyridlne (Compound 74) 

NMR (200Hz. CDCI3) 5: 2.94 (3H. s), 3.61-3.83 (2H. m), 5.33 (1H, br), 5.58 (1H, dd. J = 7. 4.6Hz). 5.91 (1H, 
40 d. J = 7.4Hz), 7.00 (1H, dd, J = 9. 7.4Hz). 7.24 (1 H, d. J = 9H2). 7.40 (5H, m), 7.60 (1H. d. J = 1.4H2) 7 73 
(1H. s) 

(1 6) 5-[[1 -(Phenyl)-2-(trif Iuoromethylsulfonylamino)]ethyloxy]imida2o[1 .2-a]pyridine 
(Compound 75) 

45 

NMR (200H2, CDCb-DMSO-ds) S: 3.49 (2H, m), 5.06 (1H. dd. J = 8. 4H2). 5.98 (1H. d. J = a8H2). 5.98 (1H, 
br), 7.04 (1H, d. J = 8.8Hz). 7.20-7.52 (6H. m), 7.60 (1H, s). 7.81 (1H. s) 

(17) 5-[1-(Methylsulfonyl)-4-piperidyloxy]imida20[1.2-a]pyndine (Compound 76) 

50 

NMR (200Hz, CDCb) 6: 2.19 (4H. m). 2.86 (3H. s). 3.44 (4H, m). 4.84 (1H. quint, J = 4.4Hz). 6,08 (1H, d. 
J = 7Hz), 7.18 (1H, dd. J = 9, 7Hz). 7.31 (1 H. d. J = 9H2). 7.63 (1H. d. J = 1.4H2). 7.65 (1H. s) 

(18) 5-[1-(TrifuloromethylsuIfonyl)-4-piperidyIoxy]imidazo(1,2-a]pyridine (Compound 77) 

55 

NMR (200Hz, CDCb) 5: 2.18 (4H, m), 3.71 (4H. s). 4.99 (1H. m). 6.08 (1H. d, J = 7Hz). 7.19 (1H. dd. J = 9, 
7H2). 7.33 (1H, d. J = 9H2). 7.64 (1H. s). 7.65 (IH, s) 
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(19) 5-(2-(1-(Naphthyl)sulfonylannino)ethyloxy]imida2o[1,2-a]pyridine (Compound 78) 



5 


Elemental analysis for CtsHwNaOaS, 




Calcd.: 


C. 62.11: 


H. 4.66; 


N. 11.44 




Found : 


C, 62.04; 


H, 4.57; 


N, 11.41 



NMR (200H2, DMSO-d6) 6: 3.38 (2H, m). 4.11 (2H, t. J = 5.2H2). 6.06 (1H, m). 7.08-7.20 (2H, m). 7.46-7.65 
(5H. m), 8.00 (1H, m), 8.16 (1H. s). 8,20 (1H, s), 8.47 (1H. br), 8.64 (1H, m) 

(20) 5-[3-(1-(Naphthyl)sulfonylamino)propyloxy]imidazo[1 ,2-a]pyridine (Compound 79) 



75 



Elemental analysis for C20H19N3O3S, 


Calcd.: 
Found : 


C. 62.97; 
C, 62.82; 


H. 5.02; 
H, 4.98; 


N, 11.02 
N. 11.14 



20 

NMR (206H2. CDCb-DMSO-de) 5: 1.98 (2H. m). 3.19 (2H. m), 3.98 (2H, t. J = 6Hz). 5.59 (1H. d. J = 7.2Hz), 
6.99-7.35 (4H, m). 7.43-7.63 (3H, m), 7.67-7.80 (3H, m). 8.14 (1H. d. J = 7.4Hz). 8.68 (1H, d. J = 8.2Hz) 

(21) 5-[6-(1-(Naphthyl)sulfonyIamino)hexyIoxy]imidazo[1,2-a]pyridine (Compound 80) 

25 





Elemental analysis for C23H25N3O3S*0.3H2O. 




Calcd.: 


C, 64-40; 


H, 6,02; 


N. 9.80 


30 


Found : 


C. 64.66; 


H. 6.07; 


N, 9.68 



NMR (200H2, CDCI3) 6: 1.10-1.83 (8H, m). 2.94 (2H, m). 4,12 (2H, t, J = 6.4Hz), 4.76 (1H, t. J = 6.6Hz). 5.98 
(1H. d..J = 7H2). 7.16 (IH. dd, J = 9. 7Hz). 7.28 (1H. d, J = 9Hz). 7.50-7,72 (5H. m), 7.94 (1H, d,'j = 7,6H2). 
8.07 (1 H, d, J = 8.4Hz). 8.28 (1 H. dd. J = 7.4, 1 .2Hz), 8.66 (1 H. d, J = 8.8Hz) 

(22) 5-[2-(1-(Naphthyl)sulfonylamino)propyloxy]imida2o[1,2-a)pyridine (Compound 81) 
Melting point: 188-190* C 

40 

(23) 5-[(1-(1-Naphthylsulfonyl))-(4-piperidyl)oxy]imida2o[1,2-a]pyridine (Compound 82) 

NMR (200Hz. CDCI3) 5: 1.94-2.23 (4H. m). 3.29-3.53 (4H. m). 4.70 (IH. m), 5.98 (1H. d. J = 7Hz), 7.12 (IH, 
dd. J = 9. 7H2). 7.25 (1H, d. J = 9H2). 7.39 (IH. s). 7,53 (IH. s). 7.53-7.73 (3H. m), 7.98 (IH. dd, J = 7.2, 
2.2H2). 8.13 (IH, d. J = 8,4H2). 8.27 (IH. dd, J = 7,4. I.2H2). 8.75 (IH. dd. J = 7.8, 2.2H2) 

Example 13 

(1) Synthesis of 5-[2-(acetylamino)ethylthio]imidazo[1 .2-a]pyridine (Compound 83) 

To a solution of 5-[2-(amino)ethylthio]imida20[1 .2-a]pyridine dthydrochloride (2.66 g, 10 mmoles) and 
triethylamine (4.32 ml. 31 mmoles) in N,N-dimethylformamide (24 ml) was added acetyl chloride (0,71 ml, 
10 mmoles) under ice-cooling with stirring and the mixture was stirred at room temperature for 4 hours. The 
reaction mixture was poured into water and extracted with chloroform. The chloroform layer was washed 
with saturated saline and dried over anhydrous magnesium sulfate. After the solvent was distilled off, the 
residue was purified by column chromatography (eluent: ethanol/ethyl acetate = 1:3) to obtain 1.57 g of the 
desired product (66.8%, colorless crystals). 
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Elemental analysis for Ci i Hi aNsOS'O.SHzO, 


Calcd.: 
Found : 


C. 54.89: 
C. 55.29; 


H. 5-69; 
H. 5.52; 


N. 17.46 
N, 17.42 



NMR (90MH2. CDCb) 5: 1.93 (3H, s), 3.13 (2H. m), 3.46 (2H. m), 6.98 (1H. dd. J = 7, 1.5Hz). 7.07 (1H, br). 
7.13 (1H. dd. J=8.5, 7H2), 7.51 (1H. d, J=:8.5Hz). 7.65 (IH. s). 7.81 (IH. s) 

According to the same manner as that described in Examples 2 and 13 (1). the following compounds 
were obtained. 

10 

(2) 5-[2-(TrifIuoroacetylamino)ethylthio]imida2o[1,2-a]pyridine (Compound 84) 

NI^R (90MHz. DMSO-de) 6: 3.17-3.60 (4H. m). 7.12 (IH. dd. J = 7. 1.5H2). 7.27 (IH, dd, J = 9, 7H2). 7.58 
(IN. d. J = 9Hz), 7.67 {1H, d. J= 1.5H2). 7.96 (IH. s). 9.60 (IH, br) 

(3) 5-[2-(Decanoylamino)ethylthio]imida2o[1,2-a]pyrjdine (Compound 85) 

NMR (90MH2. CDCb) 5: 1 .70-1 .78. (1 7H. m). 2.15 (2H. m). 3.15 (2H. m), 3.49 (2H. m). 6.53 {1H. br). 7.00 
(dd. J = 7. 1.5Hz). 7.15 (IH. d, J = 9. 7H2). 7.23 (IH. d. J = 9H2). 7.67 (IH. s). 7.84 (IH. s) 

(4) 5-[2-(Aminoacetylamino)ethy!thio]imida2o[1.2-a]pyridine dihydrochloride (compound 86) 

NMR (200MH2, DMSO-de) 6: 3.32-3.53 (4H. m). 3.55 (2H. s). 7.69 (IH. dd, J = 6, 2.6Hz), 7.86-7.99 (2H. m). 
8.22 (1 H. d. J = 2.2Hz). 8.26 (1 H. d. J = 2.2Hz). .8.79 (1 H. br) 

(5) 5-(2-(Ben2oylamino)ethylthio]imida2o[1 ,2-a]pyridine(Compound 87) 

NMR (90MH2. CDCb) 5: 3.27 {2H. m). 3.70 (2H. m), 6.74 (1H, br). 6.97-7.23 (2H. m). 7.30-7.95 (8H. m) 

(6) 5-[2-[3(2H)-Pyridazinone-6-carbonylamino]ethyithio]imida2o[1.2-a]pyridine 
(Compound 88) 

NMR (90MHz. DMSO-de) 5:3.15-3.67 (4H. m). 6,93 (IH. d. J = 10H2). 7.10-7.62 {3H. m). 7.66 (IH s) 7 80 
(IH. d. J = 10H2), 7.92 (IH. s). 8.64 (IH, br) 

(7) 5-[2-[(2-Thenoylamino)]ethylthio]imida2o[1.2-a]pyridine (Compound 89) 

NMR (200MHz. CDCb) 5: 3.27 (2H. t. J = 6.4H2). 3.68 (2H. m), 6.57 (IH. br), 7.02-7.20 (3H. m). 7.41-7.69 
^ (3H. m). 7.69 (1 h. d. J = 1 .2H2). 7.85 (1 H, s) 

(8) 5-[2-(1-Naphthoyl)aminoethylthio]imida2o[1.2-a)pyridine hydrochloride (Compound 90) 

NMR (200MH2. DMSO-dg) 6: 3.50-3.75 (4H, m), 7.51-7.67 (4H, m). 7.75-8.07 (5H, m), 8.22 (IH. m). 8.32 
^ (1 H, d. J = 2.2Hz), 8.41 (1 H. d. J = 2.2H2). 8.85 (1 H, br) 

NMR (200MH2. CDCb) of the free amine 5: 3.30 (2H. t. J = 6.4H2). 3.74 (2H. m). 6.68 (1H. br), 7.01-7-16 (2H. 
m), 7.36-7.58 (5H. m), 7.64 (1 H. d. J = 1 .2H2). 7.80-7.94 (3H, m), 8.29 (1 H. m) 

(9) 5-(2-(2-Naphthoylamino)ethylthio]imidazo[1,2-a]pyridine (Compound 91) 

0 

NMR (200MHz. CDCb) 5: 3-34 (2H, t, J = 6.4Hz). 3.78 (2H. m), 6.72 (IH. br). 7.06-7.20 (2H. m), 7.51-7.94 
(9H. m), 8.20 (IH. s) 

(10) 5-[2-(Nicotinoylamino)ethylthio]imidazo[1,2-a]pyridine (Compound 92) 

NMR (200MH2. CDCb) 5: 3.30 (2H, t. J = 6.4H2). 3.74 (2H. m). 6.85 (IH. br), 7.05 (1H. dd. J = 7. 1.2H2), 7.16 
(IH, dd, J = 9, 7Hz), 7.39 (IH. m), 7.55 (IH, d. J = 9Hz). 7.68 (IH, d. J = 1-4H2). 7.85 (IH. s). 8.05 (IH m) 
8.74 (1 H, dd, J = 4.8. 1 .8Hz). 8.95 (1 H, d. J = 7.2Hz) 
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(11) 5-[2-(lsonicotinoylamino)ethylthio]imida2o[1,2-a]pyridine (Compound 93) 

NMR (200MH2. CDCtg-DMSO-de) 6: 3.29 (2H. m). 3.68 (2H. m). 7.11 (1H. dd. J = 7. 1.4Hz). 7 19 (IH dd 
J = 8-8. 7.2Hz). 7.57 (1H, d. J = 8.8H2). 7.68 (2H. m). 7.88 (IH. m). 8.23 (IH. br), 8.72 (2H. m) ' ' 

5 

(12) 5-[2-[3.4-(Dimethoxy)phenylacetylamino]ethylthio]imida2o(1,2-a]pyridine* hydrochloride 
(Compound 94) 

Melting point: 150-165* C 

w NMR (200MH2. CDCta) of the free amine 6: 3.11 (2H. t. J = 6.6H2), 3.43 (2H. m). 3,49 (2H s) 3 85 (3H s) 
3.87 (3H. s). 6.02 (IH. br). 6.69-6.95 (4H. m). 7,12 (IH. dd. J = 9. 7H2). 7.56 (IH. d J = 9H2)' 7 66 (IH* s)' 
7.74 (1H.S) * ' V ' /■ 

(13) 5-[2-t3-(3-Pyridy()acryloylamino]ethylthio]imida2o[1.2-a]pyridine*dihydrochloride 
75 (Compoijnd 95) 

NMR (200MHz, D2O) 5: 3.41 (2H; m). 3.61 (2H. m). 6.60 (IH. d. J = 16H2). 7.36 (1 H, d. J = 1 6Hz). 7 58-8 05 
(5H. m). 8.22 (IH, d. J=2.6H2). 8.59-8.72 (2H. m). 8.66 (IH. m) 

20 (14) 5-[3-(Benzoylamino)propylamino]imida2o[1 ,2-a]pyrtdfne (Compound 96) 

NMR (90MHz. CDCb-DMSO-ds) 5: 1 .99 (2H, m). 3.27-3.70 (4H. m). 5.86 (IH, d, J = 7H2) 6 25 (IH br) 6 98 
(IH. d. J = 9H2). 7.17 (IH. dd. J = 9. 7Hz). 7.33-8.17 (8H. m) 

25 (15) 5-[3-(Decanoylamino)propyIamino]imida20[1.2-a]pyridine (Compound 97) 

NMR (90MH2. CDCI3) 6: 0.73-2.00 (19H. m). 2.22 (2H. m). 3.22-3.53 (4H. m). 5.77-6.03 (2H m) 6 21 (IH 
br). 6.95-7.22 (2H. m), 7.62 (1 H, s). 7.71 (1 H. s) 

30 Example 14 ' 

(1) Synthesis of 5-[2-[2-(carboxy)ben2oyIamino]ethylthio]imida2o[1 ,2-a]pyridine (Compound 98) 

To a solution of 5-[2-(amlno)ethylthio]imtda2o[1 ,2-a]pyridine (1.12 g. 5.8 mmoles) in chloroform (58 ml) 
35 was added phthalic anhydride (1.12 g. 7.56 mmoles) and the mixture was stirred at room temperature for 14 
hours and then heated at reflux for 5 hours. The reaction mixture was cooled by standing. The crystals 
precipitated were filtered off. washed with chloroform and dried to obtain 1.68 g of the desired product 
(84.8%. colorless crystals). 

NMR (90MH2. DMSO-ds) 6: 3,17-3,63 (4H. m). 7.15-7.91 (8H. m). 7.98 (IH. s). 8.21 (IH. br) 
Example 15 

(1) Synthesis of 5-[2-(phthalimide)ethylthio]imida2o[1 ,2-a]pyridine (Compound 99) 

To 5-[2-[2-(carboxy)ben2oylamino]ethylthio]fmida2o[1.2-a]pyridine dihydrochloride (638 mg. 2 mmoles) 
was added hydrogen chloride-methanol solution (40 ml) and the mixture was heated at reflux for 24 hours. 
After the solvent was distilled off. the residue was dissolved in chloroform, washed with an aqueous 
saturated sodium bicarbonate solution and dried over anhydrous magnesium sulfate. After the solvent was 
distilled off. the residue was purified by column chromatography (eluent: ethyl acetate) to obtain 530 mg of 
the desired product (81.9%. yellow crystals). 

NMR (90MHz. CDCI3) 5: 3.31 (2H, t. J = 7H2). 3.95 (2H. t. J = 7Hz), 7.05-7,19 (2H. m). 7.42-7.92 (7H. m) 
Example 16 

55 (1) Synthesis of 5-(2-(methyfcarbamoylamino)ethyIthio]imidazo[l .2-a]pyridine (Compound 100) 

To a solution of 5-[2-(amino)ethylthio]imida20[1 .2-a]pyridine (1.93 g. 10 mmoles) in methylene chloride 
(30 ml) was added methyl isocyanate (0.59 ml, 10 mmoles) under ice-cooling with stirring and the mixture 
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was stirred under ice-cooling for 1 hour. After the solvent was distilled off. the residue was purified by 
column chromatography (eluent: ethanol/ethyl acetate = 1:5) to obtain 2.15 g of the desired product 
(86.0%, pale yellow crystals). 

NMR (90MH2. CDCI3) 6: 2.74 (3H. d. J = 5.5Hz), 3.14 (2H. m). 3.43 (2H, m). 5.28 (1H. br). 5.76 (1H. br). 6.96 
5 (IH. dd. J = 7, IH2). 7.12 (1H, dd. J = 9. 7Hz). 7.51 (1H, d, J=9Hz). 7.65 (1H. s). 7.79 (1H. s) 

According to the same manner as that described in Example 16 (1), the following compounds were 
obtained. 

(2) 5-[2-(Ethylcarbamoylamino)ethylthio]imidazo[1.2-a]pyridine (Compound 101) . 

70 

NMR (200MH2. CDCI3) 5:1.11 (3H. t. J = 7.2Hz). 3.16 (4H, m). 3.44 (2H. m). 4.72 (1H. br), 5.16 (1H, br). 6.97 
(1H. dd. J = 7. 1Hz). 7.14 (1H. dd. J = 9. 7Hz). 7.53 (1H, d, J = 9Hz). 7.66 (1 H, d. J = 1 .2H2), 7.78 (1H. s) 

(3) 5-[2-(Propylcarbamoylamino)ethylthio]imidazo[1,2-a]pyridine (Compound 102) 

75 

, NMR (200MHz. CDCI3) 5:0.90 (3H, t. J = 7.4Hz). 1.49 (2H. m). 3.03-3.22 (4H. m), 3.45 (2H, m), 4.68 (1H. br). 
5.07 (1 H. br). 6.98 (1 H, dd, J = 7. 1 Hz). 7.1 5 (1 H, d. J = 9. 7H2), 7.54 (1 H, d, J = 9H2). 7.67 (1 H, d. J = 1 .2Hz), 
7.80 (IH.s) 

20 (4) 5-[2-(lsopropylcarbamoyIamino)ethylthio]imidazo[1.2-a]pyridine (Compound 103) 

NMR (200MHz, CDCI3) 5:1.22 (6H. t. J = 6.6H2), 3.17 (2H, t. J = 6.4Hz), 3.44 (2H, m). 3.84 (1H. hep- 
tet.J = 6.4Hz), 4.44 (1H, br), 4.96 (1H. br), 6.98 (IN. d, J = 7Hz). 7.15 (1H. dd, J = 9, 7Hz), 7.55 (1H. d, 
J = 9Hz). 7.68 (1 H. d, J = 1 .2Hz), 7.80 (1 H, s) 

25 

(5) 5-[2-(Butylcarbamoylamino)ethylthio]imidazo[1,2-a]pyridine (Compound 104) 

NMR (200MHz. CDCI3) 5:0.89 (3H. t. J = 7H2). 1.20-1.52 (4H. m), 3.07-3.20 (4H, m). 3.43 (2H. m). 5.23 (1H. 
br). 5.68 (1H. br). 6.95 (1H. dd, J = 7. IH2). 7.12 (1 H, dd, J = 9, 7H2), 7.49 (1H, d. J = 9Hz). 7.63 (IN. d. 
30 J = 1.2Hz), 7.75 (1H, s) 

(6) 5-[2-(Cyclohexylcarbamoylamino)ethylthio]imidazot1,2-a]pyridine (Compound 105) 

NMR (200MHz. CDCI3) 5:0.95-1.97 (lOH. m). 3.17 (2H. t. J = 6.4Hz). 3.35-3.55 (3H. m). 4.48 (1H. br). 4.93 
35 (1H. br), 6.99 (1H. d, J = 7,2Hz), 7.16 (1H. dd. J = 9..7.2Hz). 7.55 (IN, d. J = 9Hz), 7.68 {1H. s). 7.80 (1H. s) 

(7) 5-[2-(Phenylcarbamoylamino)ethylthio]imidazo[l,2-a]pyridine (Compound 106) 

NMR (200MH2. CDCb-DMSO-de) 5:3.19 (2H, m), 3.46 (2H. m). 6.25 (1H, br), 6,83-7.63 (8H, m). 7.69 (1H. s), 
40 7.88 (1H. s). 8.14 (1H, br) 

Example 17 

(1) Synthesis of 5-[2-(methylthiocarbamoylamino)ethylth(o]imidazo[1 .2-a]pyridine (Compound 107) 

45 

To a solution of 5-[2-(amino)ethylthio]lmidazo[1 ,2-a]pyridine (2.96 g, 15.3 mmoles) in methylene 
chloride (50 ml) was added methyl isocyanate (1.12 ml, 15.3 mmoles) under ice-cooling with stirring and the 
mixture was stirred at room temperature for 3 hours. After the solvent was concentrated, ether was added. 
Then, the crystals precipitated were filtered off and washed with ether to obtain 2.76 g of the desired 
50 product (67.6%, colorless crystals). 



Elemental analysis for CnHi^N^S?, 


Calcd.: 
Found : 


C. 49.60; 
C. 49.63: 


H, 5.30; 
H, 5.34; 


N, 21.03 
N, 21.03 



NMR (200MH2, CDCl3-DMS0-d&) 5:2.95 (3H, d, J = 5H2). 3.30 (2H. m). 3.80 (2H. m), 7.00-7.65 (5H. m), 7.67 
(1H, d. J = 1Hz), 7.87 (1H. s) 
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According to the same manner as that described in Example 17 (1), the following compounds were 
obtained. 

(2) 5-[2-(Phenylthiocarbamoylamino)ethylthio]imida2o[1,2-a]pyridine (Compound 108) 

NMR (200MHz. CDCh) 5:3.31 (2H. m). 3.86 (2H, m). 6.44 (1H. br), 6.96 (1H. dd. J = 7. I.SHz), 7.03-7.64 (7H. 
m). 7.67 (1H, dd. J = 7. I.SHz). 7.77 (1H. s). 8.05 (1H. br) 

(3) 5-[2-[4-(Methoxy)phenylthiocarbamoyIamino]ethylthio]imidazo(1.2-a]pyridine (Compound 109) 

w ' 

NMR (200MHz. CDCb-DMSO-ds) 5:3.32 (2H. m), 3.79 (2H, m). 3.82 (2H. m), 6.78-7.58 (1H. d. J = 7, 2Hz), 
7.64 (1H. d, J = 2H2). 785 (1H. d, J = 2Hz). 9.21 (1H. br) 

(4) 5-[2-[4-(Methy()phenylthiocarbamoy!amino]ethylthio]imidazo[1 .2-a]pyridine (Compound 110) 

75 

NMR (200MH2. CDCb-DMSO-ds) 5:2.34 (3H, s). 3.32 (2H, m). 3.86 (2H, m). 7.05-7.33 {7H. m), 7.55 (1H, d, 
J = 9Hz), 7.68 (1 H. s). 7.85 (1 H, s). 8.98 (1 H. br) 

(5) 5-[2-[4-(Chioro)phenylthiocarbamoylamino]ethy|thio]imidazo[1.2-a]pyridine (Compound 111) 

20 

NMR (200MHz, CDCIa-DMSO-ds) 5:3.34 (2H. m), 3.86 (2H, m). 7.05-7.75 (9H, m). 7.88 (1H. s). 9.36 (1H, br) 

(6) 5-[2-[(1-Naphthyl)thiocarbamoylamino]ethylthio]imidazo[1,2-a]pyridine (Compound 112) 

25 NMR (200MHz. CDCIs-DMSO-de) 5:3.32 (2H, m), 3.80 (2H. m). 7.07-7.23 (2H. m). 7.37-8.08 (11H. m). 9.65 
(1H.br) 

(7) 2-Ethoxycarbonylmethyl-5-[2-(phenylthiocarbamoylamino)ethylthio]imidazo]1.2-a]pyridine (Compound 
113) 

30 

NMR (200MHz. CDCI3) 5:1.30 (3H. t. J = 7Hz). 3.23 (2H, t. J = 6.4Hz). 3.85 (2H. m), 3.88 (2H. s). 4.22 (2H,q. 
J = 7H2). 6.31 (1H, br). 6.94 (1H. dd. J = 7. 1Hz). 7.11 (1H, dd. J = 9. 7Hz). 7.13-7.53 (6H, m). 7.69 (1H. br). 
7.79 (1H, s) 

35 (8) 2-Ethoxycarbonyl-5-[2-(phenylthiocarbamoyIamino)ethylthio]imidazo[1.2-a]pyridine (Compound 114) 

NMR (2OOMH2, CDCI3) 5:1.46 (3H. t. J = 7.2Hz), 3.38 (2H, t. J = 6.6Hz), 3.94 (2H, m). 4.71 (2H. q, J = 7.2Hz), 
6.62 (1H. br), 7.07 (1H. dd. J = 7, 1.2Hz). 7.16-7.54 (7H. m). 7.91 (1H. br), 8.83 (1H. s) 

40 (9) 2-Methyl-5-[2-(phenylthiocarbamoylamino)ethyithio]imida2o[1 .2-a]pyridine (Compound 1115 

NMR (200MHz. CDCI3) 5:2.47 (3H. s). 3.31 (2H. t. J = 6.4Hz). 3.85 (2H. m), 6.38 (1H. br). 6.88 (1H. dd, J = 7. 
IH2). 7.07 (1H, dd. J = 9. 7Hz). 7.15-7.52 (7H, m), 7,82 (1H. br) 

45 (10) 3-Ethoxycarbonyl-2-methyl-5-[2-(phenylthiocarbamoylamino)ethylthio]imida2o[1,2-a]pyridine 
(Compound 116) 

NMR {2OOMH2. CDCis) 5:1.37 (3H, t. J = 7H2). 2.58, (3H. s). 3.33 (2H. t. J = 6Hz), 3.76 (2H. m), 4.35 (2H. q, 
J = 7Hz), 3.76 (2H. m). 4.35 (2H. q, J = 7Hz), 6.47 (1H. br), 6.99-7.57 (8H. m). 7.76 (1H. br) 

50 

(11) 5-[3-(Phenylthiocarbamoyfamino)propylthio]imida2o[1 .2-a]pyridine (Compound 117) 

NMR (200MHz. CDCI3) 5:1.96 (2H. m). 3.01 (2H. t. J = 7Hz). 3.79 (2H. m). 6.13 (1H, br), 6.87 (1H. d. 
J = 7Hz). 7.00-7.70 (8H. m). 7.88 (1 H, s), 7.85 (1 H. br) 

55 

Example 18 

(1) Synthesis of 5-[2-(methylcarbamoyloxy)ethylthio]imida2o[l .2-a]pyridine (Compound 118) 
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To a solution of 5-[2-(hydroxy)ethylthio]innida2o[1 .2-a]pyridine (971 mg, 5 mnnoles) and triethylamine 
(0.91 nnl, 6.53 mmoles) in methylene chloride (40 ml) was added methyl isocyanate (0.65 ml. 11 mmoles) 
under ice-cooling with stirring and the mixture was stirred at room temperature for 12 hours. The reaction 
mixture was washed with saturated saline and dried over anhydrous magnesium sulfate . After the solvent 
5 was distilled off, the residue was purified by column chromatography (eluent: methanol/chloroform = 1:20) 
to obtain 1.07 g of the desired product (85.2%. colorless crystals). 

NMR (200MH2, CDCI3) 6: 2.74 (3H. d. J = 4.8H2). 3.21 (2H. t. J = 6.2H2). 4.27 (2H. t, J = 6.2Hz). 4.56 (IH. br), 
7.05 (1 H. dd. J = 9. 7Hz). 7.21 (1 H. dd. J = 9, 7Hz). 7.61 (1 H, d, J = QHz). 7.71 (1 H. s). 7.89 (1 H. s) 

According to the same manner as that described in Example 18 (1). the following compounds were 
70 obtained. 

(2) 5-[2-(Butylcarbamoyloxy)ethylthio]imidazo[1 ,2-a]pyridine (Compound 119) 

NMR (200MH2, CDCb) 6:0.92 (3H. t. J = 7Hz). 1.21-1.55 (4H, m), 3.03-3.30 (4H. m). 4.26 (2H, t. .J = 6.4H2). 
75 4.55 (1H. br), 7.05 (IH, d, J = 7Hz), 7.17 (IH. dd, J = 9, 7Hz). 7.62 (IH, d. J = 9Hz). 7.72 (IH. s). 7.89 (IH. s) 

(3) 5-(2-(Phenyfcarbamoyloxy)ethylthio]imidazo[1 .2-a]pyrjdine (Compound 120) 

NMR (200MHz, DMSO-dg) 5:3.45 (2H. t. J = 6.2H2). 4.32 (2H. t. J = 6-2H2). 7.00 (IH. m). 7.16 (IH, dd, J = 7, 
20 1Hz), 7.22-7.34 (3H. m). 7.42-7.50 (2H, m). 7.57 (1H, d, J = 9H2). 7.70 (IH, d, J = 9Hz), 7.70 (IH. d. 
J = 1 .2Hz), 7.99 (1 H. s), 9.74 (1 H, br) 

(4) 5-[2-[(1-Naphthyl)carbamoyloxy]ethylthio]imidazo[1 .2-a]pyridine (Compound 121) 

25 NMR (200MHz. CDCb-DMSO-ds) 6:3.30 (2H. t. J = 6.4H2). 4.41 (2H, t, J = 6.4Hz). 7.05-7.21 (2H. m). 7.41- 
7.75 (7H. m), 7.82-8.02 (3H. m), 8.11 (1H, br) 

(5) 5-[2-(Benzylcarbamoyloxy)ethyithio]imidazo[1 ,2-a]pyridine (Compound 122) 

30 NMR (200MHz. CDCI3) 6:3.21 (2H. t. J = 6.4Hz). 4.24-4.37 (4H, m), 4.99 (IH. br). 7.24 (1H. d, J = 7Hz). 7.13 
(IH. dd, J = 9, 7Hz). 7.24 (IH. d, J =7Hz). 7.20-7.39 (5H. m). 7.58 (IH, dd. J =9. O.8H2). 7.68 (IH, d. 
J = 1.2Hz). 7,87 (IH, s) 

Example 19 

35 

(1) Synthesis of 5-[2-[3-(hydroxy)propylcarbamoyloxy]ethyIthio]imtdazo[1 ,2-a]pyridine (Compound 123) 

To 5-[2-(phenoxycarbonyloxy)ethylthio]imidazo[1 ,2-a]pyridfne (1.10 g, 3.50 mmoles) was added 3- 
aminopropanol (0.27 ml, 3.52 mmoles) and the mixture was stirred at 120'C for 1.5 hours. The reaction 
40 mixture was cooled by standing and chloroform was added thereto, which was washed with water and dried 
over anhydrous magnesium sulfate, and then the solvent was distilled off. Then, the residue was purified by 
column chromatography (eluent: methanol/chloroform = 1:20) to obtain 575 mg of the desired product 
(55.6%. colorless crystals). 



Elemental analysis for Ci3Hi7N3O3S*0.2H2O. 


Calcd.: 
Found : 


C. 52.23: 
C. 52.46; 


H. 5.87; 
H, 5.78; 


N. 14.06 
N. 14.26 



NMR (200MH2, CDCI3) 6:1.66 (2H. m). 2.82 (IH. br), 3.15-3.32 (4H, m). 3.66 (2H, t. J = 5.6Hz), 4.27 (2H, t, 
J = 6.2Hz), 4.81 (1 H. br). 7.07 (1 H, dd. J = 7. 1 .2Hz). 7.1 8 (1 H, dd, J = 9. 7H2). 7.61 (1 H. d, J = 9Hz), 7.70 (1 H. 
d, J = 1.4H2), 7.90 (IH, s) 

According to the same manner as that described in Example 19 (1), the following compounds were 
obtained. 

55 

(2) 5-[2-[6-(Hydroxy)hexylcarbamoyloxy]ethylthio]imida2o[1,2-a]pyridine (Compound 124) 
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Elemental analysis for Ci6H23N3O3S*0.2H2O. 


Calcd.: 
Found : 


C. 56.35: 
C, 56.63; 


H, 6.92: 
H. 6.89: 


N. 12.32 
N, 12.43 



NMR (200MH2, CDCI3) 6:1.22-1.65 (8H. m), 2.16 {1H, br). 3.10 (2H. m), 3.21 (2H. t. J = 6.2H2), 3.64 (2H, t. 
J = 6.2Hz), 4.26 (2H, t. J = 6.2H2). 4.48 (IH, br). 7.05 (IH, dd, J = 7. 1 .2Hz). 7.17 (IH. dd, J = 8.8. 7H2). 7.60 
(1 H, m), 7.70 (1 H, d. J = 1 .4H2). 7.89 (1 H, m) 

(3) 5-[2-t3-(Morpholino)propylcarbamoyloxy]ethyithio]imida2o[1,2-a]pyridine (Compound 125) 

NMR (2OOMH2. CDCI3) 5:1.66 (2H, m). 2.35-2.48 (6H. m), 3.16-3.30 (4H. m), 3.65-3.75 (4H. m), 4.26 (2H, t. 
J = 6.4H2), 5.77 (IH. br). 7.05 (1H, dd. J = 7, 1 H2). 7.17 (IH. dd. J = 9, 7H2). 7.61 (IH. d, J = 9H2). 7.72 (IH. 
d, J = 1.2Hz). 7.89 (IH. s) 

(4) 5-[2-[3-(l-lmida2olyl)propylcarbamoyloxy]ethylthio]imida2o[1,2-a]pyridine (Compound 126) 

NMR (200MH2. CDCI3) 5:1.96 (2H. q. J = 6.8H2). 3.06-3.27 (4H, m). 3.97 (2H, t, J = 6.8H2). 4.27 (2H. t. 
J = 6.2H2). 5.06 (IH. br). 6.93 (1H, s). 7.05 (IH, d. J = 7Hz). 7.07 (1 H. s), 7.17 (IH. m), 7.48 (1H. s), 7.61 (IH. 
dd, J = 9. O.8H2), 7.71 (1 H, s). 7.89 (1 H, s) 

(5) 5-[2-[4-(Pyridyl)methylcarbamoy!oxy]ethylthio]imidazo[1,2-a]pyr!dine (Compound 127) 

NMR (200MH2, CDCIs) 5:3.23 (2H. t, J = 6.2H2). 4.25-4.40 (4H. m). 5.36 (1H, br). 7.05 (IH. d. J = 7H2). 7.10- 
7.20 (2H. m). 7.60 (1 H. d, J = 9H2). 7.70 (1 H, d, J = 1 Hz). 7.90 (1 H. s). 7.90 (1 H, s). 8.56 (2H, m) 

Example 20 

(1) Synthesis of 5-[2-(methoxycarbonylamino)ethylthio]imida20[l .2-a]pyridine (Compound 128) 

To a solution of 5-[2-(amino)ethylthio]imidazo[1 .2-a]pyridine (1.93 g. 10 mmoles) and triethylamine (1.53 
ml, 11 mmoles) in methylene chloride (30 ml) was added methyl chloroformate (0.77 mi, 10 mmoles) under 
. ice-cooling with stirring and the mixture was stirred at room temperature for 20 minutes. The reaction 
mixture was washed in turn with an aqueous sodium bicarbonate solution and water, dried over anhydrous 
magnesium sulfate, and then the solvent was distilled off. The residue was purified by column chromatog- 
raphy (eluent: ethandl/ethyl acetate = 1:10) to obtain 1.68 g of the desired product (66.9%, colorless 
crystals). 

Melting point: 198.0-200.0* C 



Elemental analysis for CnHi3N302S, 


Calcd.: 
Found : 


C, 52.57; 
C. 52.68: 


H, 5.21; 
H. 5.22; . 


N, 16.72 
N. 16.60 



NMR (200MH2. CDCb) 5:3.12 (2H. m). 3.40 (2H. m). 3.68 (3H, s). 5.10 (IH, br). 7.00 (1H. d, J = 7H2), 7.16 
(IH, dd, J = 9, 7H2). 7.61 (IH. d. J = 9H2), 7.72 (IH, s), 7.87 (IH, s) 

According to the same manner as that described in Examples 2 and 20 (1), the following compounds 
were obtained. 

(2) 5-[2-(Ethoxycarbonylamino)ethylthio]imidazo(1.2-a]pyridine (Compound 129) 
Melting point: 68-70* C 
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Elemental analysis for Ci2Hi5N302S, 


Calcd.: 
Found : 


C. 54.32; 
C. 54.43; 


H. 5.70; 
H, 5.75; 


N. 15.84 
N. 15.83 



5 

(3) 5-[2-(Propytoxycarbonylamino)ethylthio]imida2o[1.2-a]pyridine (Compound 130) 
Melting point: 62-64* C 



Elemental analysis for C13H17N3O2S, 


Caicd.: 
Found : 


C. 55.89; 
C, 55.87; 


H. 6.13; 
H. 6.09; 


N, 15.04 
N, 14.96 



NMR (200MHz. CDCb) 5:0.92 (3H. t. J = 7.4Hz). 1.62 (2H, m). 3.14 (2H, t, J = 6.6Hz), 3.42 (IH, m), 4.01 (IH. 
t. J = 6.6Hz). 5.07 (IH. br). 7.02 (IH, d. J = 7H2). 7.17 (IH, dd. J = 9, 7Hz), 7.60 (IH, d. J = 9H2), 7.71 (IH, d, 
J = 1.2H2), 7.86 (IH. s) 
20 IR (KBr) cm-^: 3210. 3025. 2965. 1695, 1620. 1545, 1490, 1275 

(4) 5-[2-(Butyloxycarbonylamino)ethylthio]imidazo[1,2-a]pyridtne (Compound 131) 

Melting point: 75-76' C 

25 



Elemental analysis for Ci4Hi9N302S, 


. Calcd.: 
Found : 


C. 57.31; 
C, 57.32; 


H. 6.53; 
H, 6.55; 


N. 14.32 
N. 14.23 



30 

^NMR (200MHz. CDCI3) 5:0.93 (3H, t, J = 7Hz). 1.35 (2H. m), 1.58 (2H. m), 3.14 (2H. t. J = 6.4Hz). 3.41 (2H, 
•.:m). 4.05 (2H. t, J = 6.6H2), 5.04 (IH. br). 7.16 (IH, dd. J = 9. 7H2), 7.60 (IH, d, J = 9Hz), 7.71 (IH, d, 
J = 1.2Hz), 7.85 (IH. s) 

IR (KBr) cm-^: 3490, 3210, 2970. 1695. 1615, 1500. 1285 

35 

(5) 5-[2-(lsopropyloxycarbonylamino)ethylthio]imidazo[1.2-a]pyridine (Compound 132) 
Melting point: 80.0-81 .0 * C 



Elemental analysis for C13H17N3O2S, 


Calcd.: 
Found : 


C. 55.89: 
C. 55.85; 


H, 6.13; 
H, 6.14; 


N, 15.04 
N. 14.96 



45 

NMR (200MHz, CDCI3) 5:1.22 (6H. t. J = 6.2Hz), 3.14 (2H, t. J = 6.4H2). 3.41 (2H. m). 4.94 (IH, br). 7.02 (IH. 
d, J = 7Hz), 7.17 (IH, dd. J=9, 7Hz). 7.61 (IH, d. J = 9Hz). 7.71 (IH, d. J = 1.4Hz), 7.86 (IH. s) 
IR (KBr) cm-^: 3220. 3025, 2970. 1705. 1630. 1545. 1300,- 1240 

50 (6) 5-[2-(lsopropyloxycarbonyl)ethylthio]imidazo[l,2-a]pyridine' hydrochloride (Compound 133) 

Melting point: 145-150' C 

(7) 5-[2-(lsobutyloxycarbonylamino)ethylthio]imida20[l,2-a]pyridine (Compound 134) 

55 

Melting point: 75-76* C 
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Elemental analysis for CidHisNaOsS, 


Calcd.: 
Found : 


C, 57.31; 
C. 57.29: 


H. 6.53; 
H. 6.53; 


N, 14.32 
N, 14.41 



NMR (200MHz, CDCI3) 5:0.91 (6H, d. J = 6.8Hz). 1.89 (1H. m). 3,14 (2H, t. J = 6.4Hz). 3.42 (2H. m), 3.84 (2H, 
d, J = 6.6Hz). 5.15 (1H. br), 7.01 (1 H, d. J = 7Hz). 7.16 (1H. dd, J = 9. 7Hz). 7.59 (1H, d. J = 9Hzj. 7.70 (1H, d. 
J = 1.2Hz). 7.85 (1H, s) 

(8) 5-[2-{Allyloxycarbonylamino)ethylthio]imldazo[l.2-a]pyridine (Compound 135) 
Melting point: 72.5-73.5' C ' . 



75 


Elemental analysis for C: 3H15N3O2S, 




Calcd.: 


C. 56.30; 


H, 5.45; 


N. 15.15 




Found : 


C, 56.34; 


H. 5.44; 


N, 15.04 



20 NMR (200MHz. CDCb) 5:3.15 (2H, t. J = 6.4Hz). 3.43 (2H, m), 4.56 (2H. m). 5.07 (1H, br), 5.18-5.36 (2H, m). 
5.90 (IH. m), 7.02 (1H, d. J = 7Hz). 7.17 (IH. dd. J = 9. 7Hz). 7.61 (IH. d. J = 9Hz). 7.72 (IH, d. J = 1 .4Hz), 
7.86 (IH. m) 

IR (KBr) cm "': 3205. 3020.. 1700. 1625, 1570, 1490, 1270 
25 (9) 5-[2-[2,2,2-(Trichloro)ethoxycarbonylamino]ethylthto]imidazo[1 .2-a]pyridine (Compound 136) 

Melting point: 113-114.0* C . ' 



30 


Elemental analysis for C12H1 2N302SCf3, 




Calcd.: 


C. 39.10; 


K 3.28; 


N. 1 1 .40 




Found : 


C, 39.23; 


H. 3.27; 


N. 11.25 



NMR (200MHz. CDCI3) 5:3.17 (2H. t. J = 6.4Hz). 3.48 (2H, m), 4.73 (2H. s), 5.52 (IH, br), 7.03 (IH, d, 
J = 7Hz), 7.1 7 (1 H. dd. J = 9. 7Hz). 7.62 (1 H. d, J = 9Hz), 7.71 (1 H. d, J = 1 .2Hz). 7.87 (1 H, m) 
IR (KBr) cm-^: 3195, 2975, 1725. 1615. 1545. 1485. 1260. 1210 

(10) 5-[2-(Benzyloxycarbonylamino)ethylthio]imidazo[l ,2-a]pyridine (Compound 137) 

Melting point: 52-53* C 



Elemental analysis for C17H17N3O2S. 


Calcd.: 
Found : 


C. 62.36; 
C. 62.34; 


H. 5.23; 
H, 5.22: 


N, 12.83 
N. 12.75 



NMR (200MHz, CDCI3) 5:3.14 (2H. t, J = 6.4Hz), 3.43 (2H. m). 5.09 (2H, s), 5.17 (IH. br), 6.99 (IH. d, 
J = 6.8Hz). 7.13 (IH. dd. J = 9.2, 6.8Hz). 7.35 (5H. s). 7.59 (1H, d. J = 9.2Hz), 7.69 (IH. s). 7.84 (IH. s) 

50 

(11) 5-[2-[(9-Fluorenyl)methyloxycarbonylamino]ethylthio]imidazo[l,2-a]pyridine (Compound 138) 
Melting point: 105.0-108.0* C 
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Elemental analysis for C25H21 N3O2S'0.4H2O, 


Calcd-: 
Found : 


C. 69.07: 
C. 69.14; 


H. 5.05; 
H. 5.23; 


N. 9.67 
N. 9.96 



NMR (200MH2. CDCb). 5:3.13 (2H, t. J = 6H2). 3.42 (2H. m). 4.21 (1H. t. J = 6.6H2). 4.43 (2H. d, J = 6.6H2). 
5.17 (1H. br). 7.01 (1H. d. J = 7.4H2). 7.15 (1H, dd. J = 8.6. 7.4H2). 7.29-7.46 (4H, m). 7.53-7.65 (3H. m). 
7.60-7.87 (4H. m) 

IR-(KBr) cm-': 3205, 3020, 1710. 1625. 1550. 1485. 1450, 1270 

(12) 5-[2-(Phenoxycarbonylamino)ethylthio]imida2o[1 ,2-a]pyrtdine (Compound 139) 

Melting point: 96.0-97.0* C 



Elemental for Ci6Hi5N302S, 


Calcd.: 
Found : 


C, 61.32; 
C, 61.35; 


H. 4.82; 
H. 4.86; 


N, 13.41 
N, 13.30 



20 

IR (KBr) cm-^: 3200. 3005. 1725. 1615, 1555. 1485. 1270, 1210 

(1 3) 5-[2.-(N-Methyl-N-isopropyloxycarbonylamino)ethylthio]imida2o[1 .2-a]pyndine (Compound 1 40) 

25 NMR (200MH2. CDCI3) 5: 1.02-1.35 (6H, m), 2.91 (3H, s), 3.05-3.26 (2H. m). 3.38-3.60 (2H, m), 4.89 (1H, m), 
' 7.01 (1H, br), 7.18 (1H. dd, J = 9. 7H2). 7.60 (1H, d, J = 9H2), 7.71 (1H, s), 7.84 (1H. s) 
IR (KBr) cm-^: 3220, 3025, 2970, 1705. 1630, 1545 

(14) 5-[2-(N-Ethyl-N-isopropyloxycarbonylamino)ethylthio]imida2o[1.2-a]pyridine (Compound 141) 

30 . 

NMR (2OOMH2, CDCI3) 5: 0.95-1.35 (9H. m). 3.02-3.68 (6H. m), 4.90 (1H, m). 7.04 (1H, m). 7.19 (1H, dd, 
J = 9..7H2), 7.60 (1H. d. J = 9H2), 7.72 (1H, s), 7.83 (1H, s) 
IR (KBr) cm-': 3220, 3025, 2970. 1705. 1630. 1545 

35 Example 21 

(1) According to the same manner as that described in Example 4 (1), the following compounds were 
obtained. 

40 3-Bromo-5-[2-(isopropyloxycarbonylamino)ethylthio]imida2o[1 ,2-a]pyridine (Compound 1 42) 
Melting point: 103.0-104.0* C 



45 


Elemental analysis for Ci 3Hi6N302SBr, 




Calcd.: 


C, 43.58; 


H. 4.50; 


N. 11.73 




Found : 


C. 43.60: 


H. 4.53; 


N, 1 1 .74 



NMR (200MH2. CDCI3) 5: 1.22 (6H, d. J = 6.2H2). 3.11 (2H. t. J=6.6H2). 3.42 (2H. m). 4.90 (1H, heptet, 
J = 6.2H2). 4.96 (1H. br). 7.00 (1H. dd, J = 7. I.2H2), 7.14 (1H, dd, J = 8.8. 7H2). 7.57 (1H. dd, J = 8.8, 1.2H2), 
7.59 (1H. s) 

(2) 3-Chloro-5-[2-(isopropyloxycarbonylamino)ethyIthio]imida2o[1.2-a]pyridine (Compound 143) 
Melting point: 1 13.0-1 14.0* C 
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Elemental for Cv3HisN3O2SCI*0.2H2O, 


Calcd.: 
Found : 


C. 49-19: 
C. 49.38: 


H. 5.21: 
H, 5-26: 


N. 13.24 
N. 13.22 



NMR (200MH2. CDCb) 5: 1-22 (6H. d. J = 6-4Hz). 3.12 (2H. t. J=6.4H2), 3.43 (2H. nri), 4.90 (1H. heptet, 

J = 6.4H2), 4.96 (1H, br), 6.99 (IH, dd. J = 7.2. 1.2H2). 7.10 (1H. dd. J =8.8, 7.2H2). 7.53 (1H, dd. J = 8.8, 
1.2Hz). 7.54 {1H, s) 

Example 22 



According to the same manner as that described in Example 5, the following compound was obtained. 

5-[2-(lsopropyloxycarbonylamino)ethylthio]-3-(morphoIinomethyl)imidazo[l ,2-a]pyridine (Compound 144) 

NMR (200MHz, CDCI3) 5: 0.96 (6H. d, J = 6.2Hz), 2.56 (4H. m). 3.26 (2H, m). 3.36 (2H, m), 3.65 (4H. m), 
4.10 (2H, s). 4.59 (1H, heptet, J = 6.2Hz). 6.85 (1H, br), 7.01 (1H. d. J = 5H2), 7.13 (1H. dd. J = 8.6. 6.6H2), 
7.51 (1H, s). 7.53 (1H, d. J = 8.6Hz) 

Example 23 

(1) According to the same manner as that described in Example 20 (1), the following compounds were 
obtained. 



5-[3-(Methoxycarbonylamino)propylthio]imidazo[1 .2-a]pyridine (Compound 145) 
Melting point: 69.0-70.0* C 



30 


Elemental analysis for C12H15N3O2S, 




Calcd.: 


C. 54.32; 


H. 5.70; 


N, 15.84 




Found : 


C, 54-48; 


H. 5.74; 


N, 15.72 



35 NMR (200MHz. CDCI3) 5: 1.85 (2H. m), 3.02 (2H. t. J = 7Hz). 3.32 (2H, m). 3.67 (3H, s), 4-85 (1H, br). 6.91 
(1H. dd. J = 7. 1.2Hz), 7.15 (1H. dd, J = 9, 7Hz). 7.58 (1H. d. J=9Hz), 7.70 (1H, d. J = 1 .2Hz). 7.84 (1H. s) 

(2) 5-[3-(lsopropyloxycarbonyIamino)propylthio]imidazo[1 ,2-a]pyridine (Compound 146) 

40 NMR (200MHz, CDCI3) 6: 1.22 (6H, d, J = 6.2Hz). 1.85 (2H. m). 3.03 (2H, m). 3.31 (2H. m), 4.82 (1H. br), 
4.90 (1H, heptet. J = 6.2H2), 6.90 (1H. dd, J = 7, 1Hz), 7.15 (1H. dd, J = 9. 7H2), 7.57 (1H, m). 7.69 (1H. d, 
j = 1.4H2). 7.84 (1H, m) 

IR (KBr) cm-^: 3210, 3025. 2965. 1695, 1620, 1545. 1490. 1275 

45 (3) 5-[1-(tert-Butoxycarbonyl)-4-piperidylthio]imidazo[1.2-a]pyridine (Compound 147) 

NMR (200MHz. CDCI3) 5:1.45 (9H, s), 1.50-1.98 (4H. m), 2.90 (2H. m). 3.36 (1H. m), 3.98 (2H. m), 7.03 (1H. 
dd, J=7. 1.2Hz). 7.15 (1H. dd. J = 9, 7Hz), 7.64 (1H, m). 7.70 (IH. d, J = 1 .2Hz), 7.96 (1H. m) 

50 (4) 5-[1-(lsopropyloxycarbonyl)-4-piperidylthio]imidazo[1 .2-a]pyridine (Compound 148) 

NMR (200MHz. CDCI3) 5: 1.23 (6H. d, J = 6.2H2). 1.50-1.98 (4H, m), 2.94 (2H, m), 3.37 (IH, m), 4.03 (2H. 
m), 4.91 (IH, heptet, J = 6.2Hz). 7.03 (IH, dd. J = 7. 1.2Hz), 7.16 (IH, dd, J = 9, 7Hz), 7.65 (IH. d. J = 9Hz). 
7.71 (1 H, d, J = 1 .2Hz), 7.97 (1 H, s) 

55 

Example 24 

(1) Synthesis of 5-[2-(tert-butoxycarbonylamino)ethoxy]imidazo[1 ,2-a]pyridine (Compound 149) 
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To a suspension of 60% sodium hydride (oily; 4.8 g, 0.12 mmoles) in DMF (150 ml) was added a 
solution of 5-chloroimidazo[1,2-a]pyridine (15.26 g, 0.1 moles) and 2-aminoethanol (6.72 g, 0.11 mole) in 
DMF (120 ml) with stirring at room temperature and the mixture was stirred at the same temperature for 33 
hours. To the reaction mixture was added di-tert-butyl dicarbonate (32.74 g, 0.15 moles), followed by stirring 
5 at room temperature for 13 hours. After the solvent was distilled off. water (800 ml) was added to the 
residue, which was extracted twice with ether. The extract was washed with water, dried over anhydrous 
magnesium sulfate and concentrated, and then ether was added. The crystals precipitated were filtered off 
and washed with ether to obtain 10.77 g of the desired product (38.8%. colorless crystals). As second 
crystals, 1 .31 g or the desired product was obtained (4.7%, colorless crystals). 
70 NMR (200MH2. CDCI3) 5:1.46 (9H, s), 3.68 (2H. s), 4.31 (2H, t. J = 5.2H2). 5.00 (1H, br), 6.06 (1H. d. 
J = 7H2). 7.17 (1H, dd. J = 9, 7H2). 7.30 (1H, d, J = 9H2). 7.60 (1H. d, J = 1.2H2). 7.66 (1H, s) 

According to the same manner as that described in Example 24 (1). the following compound was 
obtained. 

;5 (2) 5-(3-(tert-Butoxycarbonyl)propoxy]imida2o[1,2-a]pyridine (compound 150) 

NMR (200MHz, CDCIa) 5:1.44 (9H. s). 2.14 (2H, q, J = 6.2H2), 3.40 (2H. m). 4.31 (2H. t. J = 6.2H2), 4.83 (1H. 
br). 6.04 (1H. d, J=7.2H2), 7.16 (IH, dd. J = 9, 7.2H2). 7.28 (1H, d. J=9H2), 7.59 (1H, d. J = 1.2H2). 7.66 
(1H. s) 

20 

Example 25 

(1) Synthesis of 5-[2-(tert-butoxycarbonylamino)ethytsulfonyl]imida20[1 ,2-a]pyridine (Compound 151) and 5- 
[2-(tert-butoxycarbony!amino)ethylsulfinyl]imida2o[l ,2-a]pyridine (Compound 1 52) 
25 • 

To a solution of 5-[2-(tert-butoxycarbonylamino)ethylthio]imida2o[1 ,2-a]pyridine (2.93 g, 10 mmoles) in 
chloroform (50 ml) was added 85% m-chloroperben2oic acid (5.08 g, 25 mmoles) under ice-cooling with 
stirring and the mixture was stirred at room temperature for 4 hours. Then, chloroform (50 ml) was added to 
the mixture, which was washed in turn with an aqueous sodium bicarbonate solution and saturated saline, 
30 dried over anhydrous magnesium sulfate and the solvent was distilled off. The residue was purified by 
column chromatography (eluent: ethyl acetate) to obtain 560 mg of 5-[2-(tert-butoxycarbonylamino)- 
ethylsulfonyl]lmida20[l .2-a]pyridine (Compound 151; 17.2%, colorless crystals) as Fraction 1. 



Elemental analysis for Ci4Hi9N3O2S*0.3H2O, 


Calcd.: 
Found : 


C. 50.83; 
C. 50.97; 


H. 5.97; 
H, 5.91; 


N. 12.70 
N, 12.80 



NMR (200MHz. CDCI3) 5:1.37 (9H. s), 3.42-3.63 (4H. m), 5.03 (IH. br), 7.36 (IH. dd. J = 9.7H2), 7.68 (IH. 
dd, J = 7, 1 .5H2). 7.85 (1 H, d, J = 1 .SHz). 7.96 (1 H. d. J = 9H2). 8.25 (1 H, m) 

As Fraction 2. 5-[2-(tert-butoxycarbonylamino)ethylsulfinyl]imidazo[1 .2-a]pyridine (Compound 1 52; 
27.5%. colorless crystals) was obtained. 



45 


Elemental analysis for C14H19N3O4 


S-0.4H2O, 




Calcd.: 


C, 53.11; 


H. 6.30; 


N, 13.27 




Found : 


C, 53.27; 


H. 6.18; 


N, 13.36 



50 NMR (200MHz. CDCI3) 5:1.43 (9H. s), 3.14-3.75 (4H, m), 5.07 (IH. br). 7.30-7.41 (2H, m), 7.73-7.87 (3H, m) 
Example 26 

Synthesis of 5-(phthalimidomethylthio)imidazo[1 ,2-a]pyridine (Compound 153) 

55 

To a suspension of 5-mercaptoimidazo[1 ,2-a]pyridine (3.00 g, 20 mmoles) and N-bromomethylph- 
thalimide (5.28 g, 22 mmoles) in ethanol (200 ml) was added triethylamine (4.2 ml, 30 mmoles) and the 
mixture was stirred at room temperature for 1 hour. After the solvent was distilled off. chloroform was added 
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to the residue, which was washed with water, dried over anhydrous magnesium sulfate and the solvent was 
distilled off. Then, the residue was purified by column chromatography (eluent: ethyl acetate) to obtain 4.29 
g of the desired product (69.4%. pale yellow crystals). 

NMR (200MH2. CDCIa) 6: 5.10 (2H, s). 7.02-7.13 (2H. m), 7.61-7.84 (6H. m). 7.99 (1H. m) 

5 

Example 27 

Synthesis of 5-[2-(phthalimido)ethylthio)imida2o[1 .2-a]pyridine (Compound 99) 

10 To a suspension of 5-mercaptoimidazo[1 .2-a]pyridine (3.00g, 20 mmoles) and N-[2-(bromo)ethyl]- 
phthalimide (5.59 g. 22 mmoles) in ethanol (200 ml) was added triethylamine (4.2 ml. 30 mmoles) and the 
mixture was stirred at room temperature for 3 hours and heated at reflux for 4 hours. After the solvent was 
distilled off. chloroform was added to the residue, which was washed with water, dried over anhydrous 
magnesium sulfate and the solvent was distilled off. Then, the residue was purified by column chromatpg- 

T5 raphy (eluent: ethyl acetate) to obtain 3.95 g of the desired product (61.1%. yellow crystals). 

NMR (200MHz. CDCb) 5: 3.33 (2H. t. J = 6.6Hz). 3 97 (2H. t. J = 6.6Hz). 7,11-7.21 (2H. m), 7.55 (1H. m). 
7.67-7.87 (6H. m) 



Example 28 

20 

Synthesis of 5-[3-(phthalimido)propylthio]imida20[1 ,2-a]pyridine. (Compound 154) 

To a suspension of 5-mercaptoimida2o[l ,2-a]pyridine (3.00g. 20 mmoles) and N-[3-(bromo)propyl]- 
phthalimide (5.90 g, 22 mmoles) in ethanol (200 ml) was added triethylamine (4.2 ml. 30 mmoles) and the 

25 mixture was stirred at room temperature for 1 hour and heated at reflux for 1 hour. After the solvent was 
distilled off. chloroform was added to the residue, which was washed with water, dried over anhydrous 
magnesium sulfate and the solvent was distilled off. Then, the residue was purified by column chromatog- 
raphy (eluent: ethyl acetate) to obtain 4.79 g of the desired product (71.1%. colorless crystals). 
NMR (200MHz, CDCb) 6: 2.02 (2H. m), 3.02 (2H, t, J = 7.2H2); 3.85 (2H. t. J = 6.8Hz), 6.98 (IN, dd. J = 7. 

30 1 Hz). 7.1 6 (1 H, dd. J = 9. 7H2). 7.58 (1 H, m). 7.67-7.88 (6H. m) 

Example 29 



Synthesis of 5-[4-(phthalimido)butylthio]imidazo[1 ,2-a]pyridine (Compound 155) 

35 

To a suspension of 5-mercaptoimida2o[1 ,2-a]pyridine (3.00g. 20 mmoles) and N-[4-(bromo)butyl]- 
phthalimide (6.21 g. 22 mmoles) in ethanol (200 ml) was added triethylamine (4.2 ml, 30 mmoles) and the 
mixture was stirred at room temperature for 1 hour and heated at reflux for 45 minutes. After the solvent 
was distilled off. chloroform was added to the residue, which was washed with saturated saline, dried over 
40 anhydrous magnesium sulfate and the solvent was distilled off. Then, the residue was purified by column 
chromatography (eluent: ethyl acetate) to obtain 4.50 g of the desired product (64.1%, pale yellow crystals). 
NMR (200MHz, CDCb) 5: 1.62-1.95 (4H, m). 3.04 (2H. t. J = 7H2). 3.71 (2H, t, J = 6.8Hz). 6.89 (1H, dd, J = 7. 
1 Hz), 7.1 0 (1 H, dd, J = 9, 7H2). 7.54 (1 H, d, J = 9Hz). 7.65-7.86 (6H. m) 

45 Example 30 



Synthesis of 5-[6-(phthalimido)hexylthio]imidazo[1 .2-a]pyridine (Compound 156) 

To a suspension of 5-mercaptoimidazo[1 .2-a]pyridine (1.50g. '10 mmoles) and N-[6-(bromo)hexyl]- 
50 phthalimtde (3.10 g. 10 mmoles) in ethanol (100 ml) was added triethylamine (2,1 ml. 15 mmoles) and the 
mixture was stirred at room temperature for 12 hours. After the solvent was distilled off, chloroform was 
added to the residue, which was washed with water, dried over anhydrous magnesium sulfate and the 
solvent was distilled off. Then the residue was purified by column chromatography (eluent: ethyl acetate) to 
obtain 2.86 g of the desired product (75.5%, light tan solid). 
55 NMR (200MH2. CDCb) 5: 1.24-1.77 (8H. m), 2,99 (2H, t. J = 7.2H2). 3.68 (2H, t. J=7.2Hz), 6.87 (1H. dd. 
J = 7, 1Hz), 7.15 (1H. dd, J = 9. 7Hz). 7.56 (1H, d. J = 9Hz), 7.65-7.88 (6H. m) 

Example 31 

50 
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Synthesis of 5-[2-(2-(phthaIimido)ethyloxy]ethylthio]imidazo[l ,2-a]pyridine (Compound 157) 

To a suspension of 5-mercaptoimida20(1 .2-a]pyridine (3.00g, 20 namoles) and N-[2-[2-(bromo)ethyloxy]- 
ethyi]phthalimide (5.96 g, 20 mnnoles) in ethanol (200 ml) was added triethylamine (4.2 ml, 30 mmoles) and 

5 the mixture was stirred at room temperature for 12 hours and heated at reflux for 3 hours. After the solvent 
was distilled off. chloroform was added to the residue, which was washed with water, dried over anhydrous 
magnesium sulfate and the solvent was distilled off. Then, the residue was purified by column chromatog- 
raphy (eluent: ethyl acetate) to obtain 4.00 g of the desired product (54.5%. light tan solid). 
NMR (200MHz. CDCb) 5: 3.12 (2H, t. J = 6.4H2). 3.64-3.77 (4H. m), 3.89 (2H. t. J = 5.4Hz). 6.91 (IH. dd, 

10 J = 7.1 Hz). 7.20 (1 H. dd. J = 9. 7Hz). 7,56 (1 H. d. J = 9H2). 7.63-7.88 (6H. m) 

Example 32 

According to the same manner as that described in Example 31, the following compounds were 
75 obtained. 

(1) s-[3-[[2-(Anilino)ethyl]-N-(acetyl)amino]propylthio]imidazo[1,2-a]pyridine (Compound 158) 

NfVlR (200MHz, CDCb) S: 1.89 (2H. m), 2.05 and 2.09 (each 1.5H. s). 2.97 (2H, m), 3.25-3.60 (6H, m), 6.53- 
20 6.63 (2H. m). 6.63-6.80 (1H. m). 6.89 (1H, m), 7.07-7.25 (3H. m). 7.59 (IH, m), 7.70 (IH. m). 7.83 (IH. s) 

(2) 5-[3-[[2-[N-(acetyl)anilino]ethyl]-N-(acetyl)amino]propylthio]imidazo[l ,2-a]pyridine (Compound 1 59) 

NMR (200MHz, CDCI3) 5: 1.70-2.07 (8H. m), 2.88-3.06 (2H, m). 3.32-3.58 (4H. m), 3.70-3.85 (2H. m). 6.88- 
25 7.00 (IH. m). 7.08-7.26 (3H. m), 7.32-7.50 (3H. m). 7.57-7.68 (1H, m). 7.68-7.74 (IH. m). 7.80-7.88 (IH. m) 

(3) 5-[3-[[2-(anilino)ethyl]-N-(tert-butoxycarbonyl)amino]propylthio]imidazo[1 .2-a]pyridine (Compound 160) 

NMR (200MHz. CDCI3) 5: 1.45 (9H, s). 1.87 (2H, m). 2.96 (2H. t. J = 7.2Hz). 3.27 (2H, m). 3.34 (2H, m). 6.52- 
30 6.62 (2H. m), 6.69 (IH, dd, J = 9, 7.4Hz). 6.85 (IH. d. J = 7.4Hz), 7.07-7.22 (3H. m), 7.56 (IH. m), 7.69 (IH, 
d. J = 1.4Hz), 7.81 (1H, s) 

(4) 5-[3-[t2-[N-(acetyl)anilino]ethyl]-N-(tert-butoxycarbonyl)amino]propylthio]imida20[1.2-a]pyridine 
(Compound 161) 



35 



40 



NMR (200MHz, CDCb) 6: 1,13-1.48 (9H. m). 1.72-1.98 (5H. m), 2.97 (2H, t. J = 7.2Hz). 3.38 (4H, m). 3.75 
(2H. m). 6.94 (1 H, d, J = 7Hz), 7.08-7.47 (6H. m), 7.61 (1 H. d, J = 9Hz), 7.70 (1 H. d, J = 1 -2Hz). 7.85 (1 H. m) 

Example 33 

Synthesis of 5-[2-[2-(hydroxy)benzoy!amino]ethyIthio]imida2o[1 ,2-a]pyridine (Compound 162) 



To a solution of 5-[2-(amino)ethylthio)imlda20[1 ,2-a]pyndine (3.87 g, 20 mmoles) and triethylamine (5.58 
ml. 40 mmoles) in methylene chloride (200 ml) was added o-acetylsalicyloyi chloride (4.77 g. 24 mmoles) 

45 under ice-cooling with stirring and the mixture was stirred at room temperature for 30 minutes. After the 
solvent was distilled off, ethanol (60 ml) and IN NaOH (40 ml) were added to the residue, followed by 
strirring for 1 hour. IN HCI (40 ml) was added and ethanoi was distilled off. and then the residue was 
extracted with chloroform and dried over anhydrous magnesium sulfate. After the solvent was distilled off, 
the residue was purified by column chromatography (eluent: ethyl acetate/ethanol = 10:1) to obtain 3.51 g. 

50 of the desired product (56.0%, colorless solid). 
Melting point: 156-157* C 





Elemental analysis for C16H15N3O2S, 


55 


Calcd.: 


C. 61.32; 


H, 4.82; 


N, 13-41 




Found : 


C, 61.44; 


H, 5-04; 


N. 13.45 



NMR (200Hz. DMSO-de) 5: 3.34 (2H. m). 3.58 (2H. m). 6.83-6.93 (2H. m), 7-18 (IH, dd, J = 7, 1-2Hz), 7.27 

51 
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(1H. dd, J = 8-6. 7.0Hz). 7.39 (1H, m). 7.54 (IH. m). 7.68 (1H. d, J = 1.2H2). 7.77 (1H, m), 7.95 (1H. d. 
J = 1.2Hz). 9.04 {1H, br) 

Example 34 ' 

5 

Synthesis of 5-[2-[2H-1 ,3-benzoxaztne-2-thion-4(3H)-on-3-yl]ethylthio]imidazo[1 ,2-a]pyridine (Compound 
163) 

To a suspension of 5-[2-[2-(hydroxy)ben2oylamino)ethylthio]imidazo[1.2-a]pyridine (627 mg. 2.00 
10 mmoles) in dry tetrahydrofuran (30 ml) was added 1 .1'-thiocarbonyldiimidazoie (713 mg, 4.00 mmoles) and 
the mixture was stirred at room temperature for 46 hours. After the solvent was distilled off, chloroform was 
added to the residue, which was washed with water and dried over anhydrous magnesium sulfate. After the 
solvent was distilled off, the residue was purified by column chromatography (eluent: ethyl acetate) to obtain 
600 mg of the desired product. The product was recrystallized from methylene chloride-ethyl acetate to 
75 obtain 448 mg of the desired product (63.0%, light red powder). 

NMR (200MH2, CDCI3) 5: 3.45 (2H. m). 4.73 (2H. m). 7.15-7.47 (4H. m), 7.60 (IH, m), 7.71 (IH. d. 
J = 1..4H2). 7.75 (1 H, m). 7.85 (1 H, m). 8.04 (1 H. m) 

Example 35 

20 

Synthesis of 5-[2-[2H-1 .3-ben200xa2ine-2,4{3H)-dion-3-yl]ethylthio]imidazo[1 .2-a]pyridine (Compound 164) 

To a solution of 5-[2-[2-(hydroxy)ben2oylamino]ethylthio]imida20[1 ,2-a]pyridine (627 mg, 2,00 mmoles) 
in dry tetrahydrofuran (30 ml) was added 1 ,1 '-carbonyldiimida2ole (649 mg, 4.00 mmoles) and the mixture 
25 was stirred at room temperature for 15 hours. After the solvent was distilled off. chloroform was added to 
the residue, which was washed with water and dried over anhydrous magnesium sulfate. After the solvent 
was distilled off. the residue was purified by column chromatography (eluent: ethyl acetate) to obtain 528 
mg of the desired product (77.8%, colorless crystals). 

NMR (200MHz. CDCI3) 5: 3.38 (2H. m), 4.34 (2H, m). 7.13-7.33 (3H, m). 7.39 (1H, m), 7.57 (IH. m), 7.67- 
30 7.78 (2H, m). 7.83 (1 H, s), 8.05 (1 H. dd, J = 7.8. 1 -8H2) 

Example 36 

Synthesis of 5-[1 -(trifluoromethanesulfonyl)-4-piperidy!thio]imida2o[1 ,2-a]pyridine (Compound 165) 

35 

To a solution of 5-(4-ptperidylthio)imidazo[1 ,2-a]pyridine dihydrochloride (919 mg, 3 mmoles) and 
triethylamine (1.39 ml. 9.89 mmoles) in methylene chloride (40 ml) was added trifluoromethanesulfonic 
anhydride (0.61 ml, 3.63 mmoles) under ice-cooling with stirring and the mixture was stirred at room 
temperature for 1 hour. The residue was washed with saturated saline and dried over anhydrous magnesium 
40 sulfate. After the solvent was distilled off, the residue was purified by column chromatography (eluent: ethyl 
acetate/n-hexane = 1:1) to obtain 0.66 g of the desired product (60.2%, colorless solid). 
Melting point: 102-103* C 

NMR (200MH2, CDCI3) 6: 1.68-1.90 (2H, m), 1.97-2.13 (2H, m). 3.22 (2H, m), 3.41 (IH. m). 3.89 (2H. m). 
7.05 (IH. dd. J = 7. 1.2Hz). 7.17 (IH, dd. J = 8.8, 7H2). 7.68 (IH. m). 7.72 (1H, d. J = 1 .2H2), 7.95 {1H, m) 

45 

Example 37 

Synthesis of 5-[4-(methanesulfonamido)butylthio]imida2o[l ,2-a]pyridine (Compound 166) 

50 To a solution of 5-[4-(amino)butylthio]imida2o[l .2-a]pyridine (440 mg, 1.99 mmoles) and triethylamine 
(0.42 ml, 3.01 mmoles) in methylene chloride (20 ml) was added methanesulfonyl chloride (0.19 ml, 2.45 
mmoles) under ice-cooling with stirring and the mixture was stirred under ice-cooling for 1 hour. The 
reaction mixture was washed in turn with an aqueous saturated sodium bicarbonate solution and saturated 
saline and dried over anhydrous magnesium sulfate. After the solvent was distilled off, the residue was 

55 purified by column chromatography (eluent: ethyl acetate) to obtain 302 mg of the desired product (50.8%, 
light red brown solid). 

NMR {200MH2. CDCb) 5: 1.74 (4H. m), 2.94 (3H. s), 3.02 (2H. m). 3.15 (2H, m), 4.53 (IH, br), 6.92 (IH, dd, 
J = 7.1 Hz), 7.16 (IH. dd, J = 9, 7H2). 7.59 (IH. m), 7.70 (1H. d, J = 1.2H2), 7.84 (1H, m) 
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Example 38 . 

Synthesis of 5-[4-(trifluoromethanesulfonamido)bulyIthio]imida2oI1 ,2-a]pyridine (Compound 16.7) 

5 To a solution of 5-[4-(amino)butylthio]imidazo[1 .2-a]pyridine (460 mg, 2.08 mmoles) and triethylamine 

(0.44 ml. 3.16 mmoles) in methylene chloride (20 ml) was added trifluoromethanesulfonic anhydride (0.38 
ml, 2.26 mmoles) under ice-cooling with stirring and the mixture was stirred under ice-cooling for 30 
minutes. The reaction mixture was washed with water and dried over anhydrous magnesium sulfate. After 
the solvent was distilled off, the residue was purified by column chromatography (eluent: ethyl acetate) to 

70 obtain 277 mg of the desired product (37.7%, colorless crystals). 

NMR (200MHz. CDCI3) 5: 1.74 (4H, m), 3.04 (2H. m). 3.22 (2H. m), 6.94 (1H. dd. J = 7. 1Hz). 7.19 (1H. dd. 
J = 9, 7Hz), 7.56 (1 H. d, J = 9Hz). 7.69 (1 H, d. J = 1 .2Hz). 7.86 (1 H. m), 8.71 (1 H, br) 

Example 39 

75 

Synthesis of 5-[4-(1 -naphthalenesulfonylaminb)butylthio]imidazo[1 ,2-a]pyridine (Compound 168) 

To a solution of 5-[4-{amino)butylthio]imida2o[T.2-a]pyridine (300 mg, 1.36 mmoles) and triethylamine 
(0.29 ml. 2.08 mmoles) in methylene chloride (15 ml) was added 1-naphthalenesulfonyl chloride (307 mg, 

20 1.35 mmoles) under ice-cooling with stirring and the mixture was stirreoJ at room temperature for 1 hour. 
The reaction mixture was washed in turn with an aqueous sodium bicarbonate solution and water and dried 
over anhydrous magnesium sulfate. After the solvent was distilled off. the residue was purified by column 
chromatography (eluent: ethyl acetate) to obtain 296 mg of the desired product (53.0%. colorless solid). 
NMR (200MHz, CDCI3) 5: 1.55 (4H. m). 2.81 (2H, m). 2.92 (2H. m). 4.83 (1H. br), 6.78 (1H, dd, J =7. 1Hz). 

25 7.11 (1H, dd, J = 9, 7H2). 7.45-7.75 (6H, m), 7.93 (1H, m). 8.05 (1H. d, J = 8.4H2), 8.25 (1H, dd, J = 7.2. 
1.2H2), 8.62 (1H. m) 

Example 40 

30 Synthesis of 5-[4-(isopropyloxycarbonyIamino)butylthio]imidazo[1 ,2-a]pyridine (Compound 169) 

To a solution of 5-[4-(amino)butylthio]imida2o[1 .2-a]pyridine (370 mg. 1.67 mmoles) and triethylamine 
(0-35 ml. 2.51 mmoles) in metylene chloride (20 ml) was added isopropyl chloroformate (0.25 g, 2.04 
mmoles) under ice-cooling with stirring and the mixture was stirred under ice-cooling for 1 hour. The 
35 reaction mixture was washed in turn with an aqueous sodium bicarbonate solution and saturated saline and 
dried over anhydrous magnesium sulfate. After the solvent was distilled off, the residue was purified by 
column chromatography (eluent: ethyl acetate) to obtain 215 mg of the desired product (41.8%, light tan oily 
product). 

NMR (200MHz, CDCI3) 6: 1.22 (6H, d. J = 6.2H2). 1.54-1.72 (4H, m). 3.02 (2H. m). 3.18 (2H, m), 4.66 (1H. 
40 br). 4.90 (1H. hept, J = 6.2H2), 6.90 (1H. dd. J = 7. IH2), 7.15 (1H. dd. J = 9, 7Hz). 7.58 (1H. d, J = 9H2). 7.84 
(1H, m) 

Example 41 



45 Synthesis of 5-[3-(benzenesulfonamido)propyloxy]imidazo[1 ,2-a]pyridine (Compound 170) 

To a suspension of 5-[3-(amino)propyloxy]imida20[1 ,2-a]pyridine dihydrochloride (2.64 g, 10 mmoles) 
and triethylamine (4.88 ml. 35 mmoles) in methylene chloride (100 ml)-acetonitrile (30 ml) was added 
benzenesulfonyl chloride (1.53 ml, 12 mmoles) under ice-cooling with stirring and the mixture was stirred at 
50 room temperature for 1 hour. The reaction mixture was washed in turn with an aqueous sodium bicarbonate 
solution and saturated saline and dried over anhydrous magnesium sulfate. After the solvent was distilled 
off. the crude product thus obtained was recrystallized from methylene-ethanol to obtain 1.97 g of the 
desired product (59.5%, light brown crystals). 
Melting point: 155-156' C 

55 NMR (200MHz. CDCI3) 6: 2.14 (2H. m), 3.26 (2H. m), 4.27 (2H. t, J = 5.8Hz), 5.93 (1H. dd. J = 7. 1.2Hz). 6.08 
(1H, br). 7.11 (1H, dd. J =9. 7Hz), 7.17 (1H. m). 7.33 (1H, m), 7.37-7.56 (4H. m). 7.84-7.92 (2H, m) 

Example 42 

53 
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Synthesis of 5-(2-[2-(methanesulfonamido)ethyloxy]ethylthio]imida20[1 ,2-a]pyridine (Compound 171) 

To a suspension of 5-[2-[2-(phthalimido)ethyloxy]ethylthio]imida2o[1.2-a]pyridine (1.10 g, 3, nnnnoles) in 
ethanol (15 ml) was added hydrazine monohydrate (0.44 ml. 9.1 mmoles) and the mixture was heated at 

5 reflux for 1 hour. After the mixture was cooled by standing, methylene chloride (30 ml) was added and an 
insoluble product was filtered off, and then the solvent was distilled off from the filtrate. Methylene chloride 
(30 mi) and triethylamine (0.84 ml, 6 mmoles) were added to the residue, to which was further added 
methanesulfonic anhydride (679 mg. 3.9 mmoles) under ice-cooling with stirring and the mixture was stirred 
at room temperature for 1 hour. Then, it was washed with saturated saline and dried over anhydrous 

10 magnesium sulfate. After the solvent was distilled off. the residue was purified by column chromatography 
(eluent: ethyl acetate/ethanol = 10:1) to obtain 0.82 g of the desired product (86.9%, pale yellow oily 
product). 

NMR (200MH2. CDCb) 5: 2.96 (3H, s), 3.16 (2H. t. J=6H2), 3.22 (2H. m). 3.54 (2H, t. J = 5Hz), 3.68 (2H, t, 
J = 6Hz), 5.12 (1H, br). 6.99 (1H. dd, J = 7, 6Hz), 7.16 (1H. dd, J = 9, 7Hz). 7.61 (1H, m), 7.70 (1H, d, 
75 J = 1-2H2), 7.88 (1H. m) 

Example 43 

Synthesis of 5-[3-[1 .2-benzisothiazole-3(2H)-on-1 .1 -dioxido-2-yl]porpylthio]imidazo[1 ,2-a]pyridine 

20 (Compound 172) 

To a solution of 5-[3-{chloro)propylthio]imidazo[1 ,2-a]pyridine (1.17 g. 5.16 mmoles) and saccharin (1.50 
g. 8.19 mmoles) in DMF (30 ml) was added 1 ,8-diazabicyclo[5.4,0]-7-undecene (0.78 ml, 5.22 mmoles) and 
the mixture was stirred at 80 ' C for 24 hours. The reaction mixture was poured into an aqueous sodium 
25 bicarbonate solution, which was extracted with ethyl acetate. The extract was washed with water and dried 
over anhydrous magnesium sulfate. After the solvent was distilled off, the residue was purified by column 
chromatography (eluent: ethyl acetate) to obtain 658 mg of the desired product (34.1%, colorless crystals). 
Melting point: 99-100* C 

NMR (200MHz, CDCI3) 5: 2:i7 (2H, m), 3.09 (2H. t. J = 7Hz). 3.95 (2H. t. J = 6.8Hz), 7.00 (1H. dd, J = 7, 
30 1Hz), 7.16 (1H. dd. J = 8.8, 7Hz), 7.60 (1H. m), 7.69 (1H. d, J = 1.2Hz), 7.80-7.97 (4H, m), 8.06 (1H. m) 

Example 44 



Synthesis of 5-[3-(methanesulfonamido)benzyl]imidazo[1 ,2-a]pyridine (Compound 173) 

35 

To a solution of 3-aminobenzyl alcohol (1.23 g, 10 mmoles) and triethylamine (3.07 ml. 22 moles) in 
methylene chloride (50 ml) was added methanesulfonyl (1.55 ml. 20 mmoles) under ice-cooling with stirring 
and the mixture was stirred at room temperature for 1 hour. Then. 5-mercaptoimidazo[1 ,2-a]pyridine (1.50 g, 
10 mmoles) and triethylamine (1.40 ml, 10 mmoles) were added," followed by stirring for 5hours. The 
40 mixture was washed in turn with an aqueous saturated solid bicarbonate solution and saturated saline and 
dried over anhydrous magnesium sulfate. After the solvent was distilled off. the residue was purified by 
column chromatography (eluent: ethyl acetate) to obtain 0.88 g of the desired product (26.4%, light brown 
product). 

NMR (200MHz. CDCb) 6: 2.91 (3H, s). 4.13 (2H. s). 6.52 (1H. m), 6.81 (IH. m). 6.92-7.28 (4H. m). 7.58 (IN. 
45 m), 7.66 (1 H. m), 7.86 (1 H. m) 

Example 45 

Synthesis of 5-[3-(acetytoxy)propylthio]imidazo[1 .2-a]pyridine (Compound 174) 

50 . • 

To a solution of 5-[3-(hydroxy)propylthio]imidazo(1 ,2-a]pyridine (2.00 g. 9.60 mmoles) and triethylamine 
(1.60 ml. 11.5 mmoles) in methylene chloride (50 ml) was added acetic anhydride (1.10 ml, 11.6 mmoles) 
with stirring at room temperature and the mixture was further stirred at room temperature for 7.5 hours. The 
reaction mixture was washed with an aqueous 1N sodium hydroxide solution and dried. After the solvent 

55 was distilled off. the residue was purified by column chromatography [eluent: hexane/acetone (1:1)] to 
obtain 2.40 g of the desired product (100%. brown oily product). 

NMR {200MHz, CDCb) 5 : 1 .98 (2H, quint. J = 6.6Hz), 2.04 (3H, s), 3.06 (2H. t. J = 7.OH2). 4.19 {2H, t. 
J = 6.2Hz). 6.94 (IH. d. J = 6.8Hz). 7.17 (IH. dd. J = 8.8. 6.8Hz), 7.62 (IH. d, J = 8.8Hz), 7.71 {IH. s). 7.85 
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(1H, s) 

IR (Neat) cm-^: 1740. 1488. 1240 
Example 46 

5 

Synthesis of 5-[3-(acetyloxy)propylthio]imidazo[1 .2-a]pyridine (Compound 174) 

To a solution of 3-bromo-1-propanol (0.50 g, 3.60 mmoles) and triethylamine (0.60 ml, 0.40 mmoles) in 
methylene chloride (15 ml) was added acetic anhydride (0.40 ml, 4.24 mmoles) with stirring at room 

70 temperature and the mixture was further stirred at room temperature overnight. The reaction mixture was 
washed with an aqueous IN sodim hydroxide solution and dried. After the solvent was distilled off. ethanol 
(10 ml) and triethylamine (1.00 ml, 7.17 mmoles) was added to the residue. To the mixture was added 5- 
mercaptopyridine (0.49 g. 3.26 mmoles), with stirring at room temperature and the mixture was stirred at 
room temperature for 5 minutes. The solvent was distilled off and the residue was purified by column 

75 chromatography [eluent: hexane/acetone (1:1)] to obtain 0,54 g of the desired product (66.3%, brown oily 
product). 

NMR (200MHz. CDCb) 5 : 1.98 (2H, quint, J = 6.6Hz), 2.04 (3H, s). 3.06 (2H, t, J = 7.0H2), 4.19 (2H. t, 
J = 6.2H2). 6.94 (1H, d, J = 6.8Hz), 7.17 (1H, dd, J = 8.8, 6.8H2), 7,62 (1H. d, J = 8-8H2), 7.71 (1H. s), 7.85 
(1H. s) 

20 IR (Neat) cm"^: 1740, 1488, 1240 
Example 47 

Synthesis of 5-[3-(ben2oyloxy)propylthio]imidazo[1 ,2-a]pyridine (Compound 175) 

To a solution of 5-[3-(hydroxy)propylthio]tmidazo[1 ,2-a]pyridine (1.00 g. 4.80 mmoles) and triethylamine 
(0.80 ml, 5.74 mmoles) in methylene chloride (25 ml) was added benzoyl chloride (1.10 ml, 11.6 mmoles) 
with stirring at room temperature and the mixture was further stirred at room temperature for 30 minutes. 
The reaction mixture was washed with an aqueous IN sodium hydroxide solution and dried. After the 
30 solvent was distilled off, the residue was purified by column chromatography [eluent: hexane/acetone (1:1)] 
to obtain 1.32 g of the desired product (88.1%, white solid). 
Melting point: 60-61 * C 



35 


Elemental analysis for C17H1&N2O2S. 


Calcd.: 


C. 65.36; 


H. 5.16; 


N. 8.97 




Found : 


C. 65.52: 


H. 5.17; 


N, 8.84 



NMR (2OOMH2. CDCb) 5 : 2.13 (2H. quint. J = 6.6Hz), 3.16 (2H, t, J = 7.2Hz), 4.46 (2H. t. J = 6.2Hz), 6.96 
(1H, d, J = 7.0H2), 7.15 (1H, dd. J = 9.2, 7.0Hz). 7.38-7.64 (4H. m), 7,69 (1 H. s). 7.86 (1H, s). 7.99 {2H. dd, 
J=7.2. I.6H2) 

IR (Neat) cm"': 1713, 1487, 1280 

Example 48 

45 

Synthesis of 5-[3-[2-(phenyl)ethyIcarbonyloxy]propylthio]imida2o[1 .2-a]pyridine (Compound 176) 

To a solution of 5-[3-(hydroxy)propylthio]imidazo[1 ,2-a]pyridine (1.00 g. 4.80 mmoles) and triethylamine 
(0.80 ml, 5.74 mmoles) in methylene chloride (25 ml) was added 3-phenylpropionyl chloride (1.01 g. 5.99 
mmoles) with stirring at room temperature and the mixture was further stirred at room temperature for 2 
hours. The reaction mixture was washed with an aqueous IN sodium hydroxide solution and dried. After the 
solvent was distilled off, the residue was purified by column chromatography [eluent: hexane/acetone (1:1)] 
to obtain 1.37 g of the desired product (84.2%, yellow oily product). 

55 
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Elemental analysis for C19H20N2O2S, 


Calcd.: 
Found : 


C. 67.03: 
C. 66.86; 


H, 5.92; 
H. 6.01; 


N. 8.23 
N. 7.81 



NMR (200MHz. CDCIs) 5 : 1.92 (2H, quint. J = 6.6H2), 2.63 (2H. t. J = 7.7Hz). 2.94 (4H, t. J = 7.2H2), 4.19 
(2H. t, J = 6.2Hz). 6.91 {1H. d. J=7.2Hz). 7.10-7.35 (6H. m). 7.61 (1H. d. J = 9.0Hz). 7.72 (1H. s). 7.84 (1H. 
s) 

IR (Neat) cm-^: 1730, 1487, 1288 
Example 49 

Synthesis of 5-[3-(acetyloxy)propylsulfinyl]imidazo[l .2-a]pyrldine (Compound 177) and 5-[3-(acetyloxy)- 
propylsulfonyl]imida20[1,2-a]pyridine (Compound 178) 

To a solution of 5-[3-(acetyloxy)propylthio]imida2o[l ,2-a]pyridine (1.00 g, 3.99 mmoles) in chloroform 
(25 ml) was added m-chloroperbenzoic acid (1.47 g, 5.96 mmoles) with stirring under ice-cooling and the 
mixture was further stirred under ice-cooling for 1.5 hours. The reaction mixture was washed in turn with an 
aqueous 20% sodium bisulfite solution and an aqueous saturated sodium bicarbonate solution and dried. 
After the solvent was distilled off, the residue was purified by column chromatography [eluent: 
hexane/acetone (1:1)] to obtain 0.19 g of 5-[3-(acetyloxy)propylsulfinyl]imidazo[1 .2-a]pyridine (Compound 
177) (34.6%, yellow oily product) and 0.19 g of 5-[3-(acetyloxy)propylsulfonyl]imida20[1 ,2-a]pyridine 
(Compound 178) (16.5%, yellow oily product). 

5-[3-(acetyloxy)propylsulfinyl]imida20[1 ,2-a]pyridine (Compound 1 77) 

NMR (200MHz. CDCI3) 5 : 1.90-2.30 (2H, nri), 2.02 (3H. s). 3.05-3.30 (2H. m). 4.10-4.30 (2H. m), 7.31-7.38 
(2H, m). 7.47-7.87 (2H, m), 7.92 (1H, s) 
IR (Neat) cm-^: 1740, 1240. 1063, 1033 

5-[3-(acetyloxy)propylsulfonyl]imidazo[1 ,2-a]pyridine (Compound 178) 

NMR (200MHz, CDCIa) 5 : 1.98 (3H. s). 2.03-2.20 (2H. m). 3.30-3.40 (2H. m). 4.13 (2H. t. J = 6.2Hz), 7.36 
(1 H, dd. J = 9.0. 7.2Hz). 7.68 (1 H. dd J = 7.2, 1 ,2H2), 7.86 (1 H. s). 7.96 (1 H, d, J = 9.OH2). 8.28 (1 H. s) 
IR (Neat) cm-^: 1740. 1325. 1240, 1130 

Example 50 

Synthesis of 5-[3-(methoxy)propylthio]imidazo[l ,2-a]pyridine(Compound 179) 

To a solution of 5-[3-(hydroxy)propylthio]imida2o[1 .2-a]pyridine (803 mg. 3.86 mmoles) in 
tetrahydrofuran (30 ml) was added 60% sodium hydride in oil (0.19 g, 4.6 mmoles) with stirring under ice- 
cooling and the mixture was further stirred under ice-cooling for 30 minutes. To the reaction mixture was 
added methyl iodide (0.36 ml, 5.8 mmoles). followed by stirring at room temperature overnight. The reaction 
mixture was poured into water, which was extracted with methylene chloride (30 ml x 3). The methylene 
chloride layers were combined and dried over anhydrous magnesium sulfate. After the solvent was distilled 
off, -the residue was purified by column chromatography (eluent: ethyl acetate) to obtain 308 mg of the 
desired product (35.9%. light brown oily product). 

NMR (200MH2. CDCI3) S : 1.92 (2H, tt. J = 6.0. 7.2Hz). 3.10 (2H, t, J = 7.3Hz), 3.32 (3H. s). 3.48 (2H, t, 
J = 5.8Hz). 6.91 (1H. dd, J = 1.2. 7.0Hz). 7.15 (1H. dd. J = 7.2. 9.0Hz). 7.57 (IH, td. J = 1.0, 9.0Hz), 7.70 (1H, 
d, J = 1 -2Hz), 7.84 (1 H. t. J = 0.8Hz) 

Example 51 

Synthesis of 5-[3-(phenoxy)propylthio]imidazo(l ,2-a]pyridine (Compound 180) 
(1) Synthesis of 5-[3-(methanesulfonyloxy)propylthio]imida20[1 ,2-a]pyridine 
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To - a solution of 5-[3-(hydroxy)propylthio]imida2o[1 ,2-a]pyridine (1.030 g. 4.95 mmoles) and 
triethylamine (1 .03 ml, 7.4 mmoles) in methylene chloride (30 ml) was added methanesulfonyl chloride (0.46 
ml. 5.9 mmoles) with stirring under ice-cooling and the mixture was further stirred under ice-cooling for 10 
minutes. The reaction mixture was washed with water and the aqueous layer was extracted with methylene 
5 chloride (30 ml x 3). The methylene chloride layers were combined and dried over anhydrous magnesium 
sulfate. Then, the solvent was distilled off to obtain crude 5-[3-(methanesulfonyloxy)propylthio]imidazo[1 ,2- 
a]pyridine as a yellow oily product. 

(2) Synthesis of 5-[3-(phenoxy)propylthio]imidazo[1 .2-a]pyridine (Compound 180) 

10 . 

To a solution of phenol (0.70 g. 7.4 mmoles) in tetrahydrofuran (20 ml) was added 60% sodium hydride 
in oil (0.30 ml, 7.4 mmoles) with stirring under Ice-coolipg and the mixture was further stirred under ice- 
cooling for 30 minutes. To the reaction mixture was added a solution of crude 5-[3-(methanesulfonyloxy)- 
propylthio]imidazo[1 ,2-a]pyridine obtained in the above (1) in tetrahydrofuran (10 ml), followed by heating 

75 under reflux overnight. The reaction mixture was poured into water, which was extracted with methylene 
chloride (30 ml x 4). The methylene chloride layers were combined and dried over anhydrous megnesium 
sulfate. After the solvent was distilled off, the residue was purified by column chromatography (eluent: ethyl 
acetate) to obtain 1.220 g of the desired product (86.8%, light brown oily product). 

NMR (200MHz, CDCts) 5 : 2.13 (2H, tt. J = 5.9. 7.1 Hz), 3.22 (2H, t. J = 7.2Hz). 4.09 (2H. t. J = 5.8Hz), 6.85- 
20 7.00 (4H. m). 7.13 (1H, dd, J = 7.0, 9.0H2), 7.25-7.33 (2H, m), 7.57 (1H, td. J = 0.8. 9.0H2). 7.71 (1H, d. 
j = 1.4H2). 7.85 (IH. s) 

, Example 52 

25 Synthesis of 5-[3-[2-(phenoxy)ethyloxy]propylthio]lmlda2o[1 ,2-a]pyridine (Compound 181) 

(1) Synthesis of 1-methanesulfonyloxy-2-(phenoxy)ethane 

To a solution of 2-(phenoxy)ethanol (1.35 g, 9.78 mmoles) and triethylamine (2.04 ml, 14.7 mmoles) in 
30 methylene chloride (30 ml) was added methanesulfonyl chloride (0.91 ml, 12 mmoles) with stirring under 
ice-cooling and the mixture was further stirred under ice-cooling for 10 minutes. The reaction solution was 
washed with water and the aqueous layer was extracted with methylene chloride (30 ml x 3). The methylene 
chloride layers were combined and dried over anhydrous magnesium sulfate. After the solvent was distilled 
off, the residue was subjected to column chromatography [eluent: hexane/methyl (1:1)] to obtain crude 1- 
35 methanesulfonyloxy-2-(phenoxy)ethaneas a pale yellow oily product. 

(2) Synthesis of 5-[3-(2-(phenoxy)ethyloxy]propylthio]imidazo[1 .2-a]pyridine (Compound 181) 

To a solution of 5-[3-(hydroxy)propylthlo]imida20[1 ,2-a]pyridine (1.018 g, 4.89 mmoles) in 
40 tetrahydrofuran (20 ml) was added 60% sodium hydride in oil (0.30 ml. 7.4 mmotes) with stirring under ice- 
cooiing and the mixture was further stirred under ice-cooling for 30 minutes. To the reaction mixture was 
added a solution of crude 1-methanesulfonyloxy-2-(phenoxy)ethane obtained in the above (1) in 
tetrahydrofuran (10 ml), followed by heating under reflux for 4.5 hours. The reaction solution was poured 
into water, which was extracted with methylene chloride (30 ml x 4), The methylene chloride layers were 
45 combined and dried over anhydrous megnesium sulfate. After the solvent was distilled off, the residue was 
purified by column chromatography (eluent: ethyl acetate) to obtain 0.870 g of the desired product (54.2%, 
light brown oily product). 

NMR (200MHZ. CDCI3) 6 : 1.96 (2H. tt. J = 6.1. 7.IH2). 3.13 (2H. t. J = 7.2Hz). 3.66 (2H, t. J = 5.9H2). 3.78 
(2H, dd, J = 3.3, 6.1 H2). 4.11 (2H. dd. J = 3.9, 5.5H2), 6.88-7.00 (4H, m). 7.13 (IH, dd, J = 7.0. 9.0Hz), 7.24- 
50 7.32 (2H. m), 7.56 (1 H, td, J = 0.9. 9.OH2), 7.69 (1 H, d, J = 1 .2Hz), 7.83 (1 H. t, J = 0.8Hz) 

Example 53 

Synthesis of 5-[3-[3-(phenyl)propyloxy]propylthio]imidazo(1 ,2-a]pyridine (Compound 182) 

55 

To a solution of 5-t3-(hydroxy)propylthio]imidazo[l ,2-a]pyridine (1.070 g, 5.137 mmoles) in 
tetrahydrofuran (30 ml) was added 60% sodium hydride in oil (0.25 g, 6.2 mmoles) with stirring under ice- 
cooling and the mixture was stirred under ice-cooling for 30 minutes. To the reaction mixture was added 
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methyl iodide(1.53 g. 7.71 mmoles). followed by stirring at room temperature overnight. The reaction 
mixture was poured into water, which was extracted with methylene chloride (30 ml x 3). The methylene 
chloride layers were combined and dried over anhydrous magnesium sulfate. After the solvent was distilled 
off, the residue was purified by column chromatography (eluent: ethyl acetate) to obtain 0.987 g of the 
5 desired compound (58.9%, light brown oily product). 

NMR (200MHz, CDCb) 5 : 1.81-1.99 (4H. m), 2.68 (2H. t. J = 7.6Hz), 3.12 (2H. t. J = 7.2Hz). 3.41 (2H. t. 
J=6.4Hz), 3.51 (2H, t, J = 5.8H2). 6.91 (1H. dd, J = 1.1. 7.1H2). 7.10-7.32 (6H, m), 7.56 (1H. td. J = 1.0. 
9.0Hz), 7.69 (1 H, d. J = 1 .4H2), 7.84 (1 H, t. J = 1 .OHz) 

70 Example 54 

Synthesis of 5-[3-[2-(aniIino)ethyloxy]propylthio]imida20(1 ,2-a]pyridine 
(Compound 183) 

75 (1) Synthesis of 5-[3-(methanesulfony!oxy)propylthio]imida20[1 ,2-a]pyridine 

To a solution of 5-[3-(hydroxy)propylthio]imida2o[1 .2-a]pyridine (2.003 g. 9.62 mmoles) and 
triethylamine (2.01 ml, 14.4 mmoles) in methylene chloride (30 ml) was added methanesulfonyl chloride 
(0.89 ml, 12 mmoles) with stirring under ice-cooling and the mixture was further stirred under ice-cooling for 
20 10 minutes. The * reaction mixture was washed with water and the aqueous layer was extracted with 
methylene chloride (30 ml x 3). The methylene chloride layers were combined and dried over anhydrous 
magnesium sulfate. Then, the solvent was distilled off to obtain crude 5-[3-(methanesulfonyloxy)propylthio]- 
imida20[l,2-a]pyridine as a yellow oily product. 

25 (2) Synthesis of 5-[3-[2-(anilino)ethyloxy]propylthio]imidazo[l ,2-a]pyridine (Compound 183) 

To a solution of 2-anilinoethanol (1.98 g, 14.4 mmoles) in tetrahydrofuran (20 ml) was added 60% 
sodium hydride in oil (1.15 ml. 28.9 mmoles) with stirring under ice-cooting and the mixture was further 
stirred under ice-cooling for 30 minutes. To the reaction mixture was added a solution of crude 5-[3- 

30 (methanesulfonyloxy)propylthio]imidazo[1,2-a]pyridine obtained in the above (1) in tetrahydrofuran (10 ml), 
followed by heating under reflux for 1 hour. The reaction mixture was poured into water which was extracted 
with methylene chloride (30 ml x 4). The methylene chloride layers were combined and dried over 
anhydrous megnesium sulfate. After the solvent was distilled off, the residue was purified by column 
chromatography (eluent: ethyl acetate) to obtain 0.951 g of the desired product (30.2%. light green 

35 crystals). 

NMR (200MH2, CDCI3) 6 : 1.94 (2H. tt, J = 5.9, 7.1Hz). 3.10 (2H, t, J=7.2Hz). 3.28 (2H. t, J = 5.2H2), 3.57 
(2H. t. J=6.0H2). 3.62 (2H. t, J = 5.1 Hz), 3.98 (1H. br, s). 6.63 (2H, d. J = 7.3Hz). 6.72 (1H, t, J = 7.3Hz), 6.89 
(1H. dd. J = 1.0. 7.4Hz), 7.10-7.22 (3H, m), 7.57 (1H, d, J = 9.0Hz), 7.70 (1H, d, J = 1.4H2). 7.83 (IN. s) 

40 Example 55 

Synthesis of 5-[3-[2-(N-methanesulfonylanilino)ethyloxy]propylthio)imidazo[l ,2-a]pyridine (Compound 184) 

To a solution of 5-[3-[2-(phenylamino)ethyloxy]propyfthio]imidazo[1,2-a]pyridine (1.034 g, 3.158 
45 mmoles) and triethylamine (0.88 ml, 6.3 mmoles) in methylene chloride (30 ml) was added methanesulfonyl 
chloride (0.37 ml, 4.7 mmoles) with stirring under ice-cooling and the mixture was further stirred under ice- 
cooling for 10 minutes. The reaction mixture was washed with water and the aqueous layer was extracted 
with methylene chloride (30 ml x 3). The methylene chloride layers were combined and dried over 
anhydrous magnesium sulfate. After the solvent was distilled off, the residue was purified by column 
50 chromatography (eluent: ethyl acetate) to obtain 16 mg of the desired product (brown oily product) 

NMR (200MHz. CDCh) 5 : 1.86 (2H. tt, J = 5.9. 7.2H), 2.92 (3H, s), 3.03 (2H, t, J = 7.2Hz), 3.50 (2H, t. 
J = 5.3Hz). 3.50 (2H. t, J = 5.8Hz). 3,84 (2H. t. J = 5.7H2). 6.89 (1H. dd. J = 1.0, 7.0Hz). 7.15 (1H, dd, J = 7.0. 
9.0Hz). 7.31-7.40 (5H. m). 7.57 (1H. d. J = 9.0Hz), 7,70 (1H. d. J = 1.0Hz). 7.82 (1H. s) 

55 Example 56 

Synthesis of 5-[1-(2-thienylcarbonyl)-4-piperidyloxy]imidazo[1 .2-a]pyridine (Compound 185) 
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To a suspension of 60% sodiunn hydride in oil (0.40 g, 10 mmoles) in d i m eth y If orm amide (30 ml) was 
added 1-(2-thienylcarbonyl)-4-hydroxypipehdine (2.11 g, 10 mmoles) with stirring under ice-cooling and the 
mixture was stirred at room temperature for 30 minutes. To this reaction mixture was added 5- 
chloroimidazo[1,2-a]pyridine (1.53 g, 10 mmoles) with stirring under ice-cooling, followed by stirring at room 
5 temperature for 7 hours. Water was added to the reaction mixture, which was extratced with ethyl acetate 
and dried. After the solvent was distilled off, the residue was purified with column chromatography [eluent: 
ethyl acetate/hexane (1:1) ^ ethyl acetate/hexane (2:1) ethyl acetate/ethanol (50:1)) to obtain 0.15 g of 
the desired product (4.6%, pale yellow oily product). 

NMR (200MHz. CDCb) 5 : 2.03-2.16 (4H. m). 3.85-3.96 '(4H, rri). 4.84-4.93 (1H, m), 6.09 (1H, d. J = 7.0Hz). 
70 7.06 (1H, dd. J = 3.6. 5.0Hz). 7.12-7.35 (3H. m). 7.47 (1H. dd J = 1 .2. 5.0Hz). 7.62 (1H. d. J = 1.2Hz), 7.67 
(IH, d. J = 0.8Hz) 

Example 57 

75 Synthesis of 5-[2-(N-benzylmethylsulfonylamino)ethyloxy]imidazo(1 ,2-a]pyridine (Compound 186) 

(1) Synthesis of 2-(N-benzylmethylsulfonyiamino)1 -ethanol 

To a solution of N-benzylamino ethanol (7.10 ml, 50 mmoles) and triethylamine (7.67 ml. 55 mmoles) in 
20 dichloromethane (100 ml) was added methylsulfonyl chloride (4.26 ml, 55 mmoles) with stirring under ice- 
cooling and the mixture was stirred at room temperature for 30 minutes. The reaction mixture was washed 
in turn with an aqueous saturated sodium bicarbonate solution and water and dried. After the solvent was 
distilled off, the residue was purified by column chromatography (eluent: ethyl acetate/hexane (1:1) ethyl 
acetate/hexane (2:1) — ethyl acetate] to obtain 1.99 g of the desired product (17.4%, pale yellow oily 
25 product). 

NMR (200MHz. CDCb) 6 : 1 .89 (IH, bs), 2.94 (3H, s), 3.37 {2H. t. J = 5.0Hz), 3.65 (2H, t, J = 5.0Hz). 4.47 
(2H. s), 7.35-7,39 (5H. m) 

IR (Neat) cm-^: 3520, 3030. 2930, 1600. 1595. 1455. 1320. 1140 

30 (2) Synthesis of 5-[2-(N-benzylmethylsulfonylamino)ethyloxy]imidazo[1 ,2-a]pyridine (Compound 186) 

To a suspension of 60% sodium hydride in oil (0.20 g, 5 mmoles) in dimethylformamide (20- ml) was 
added 2-(N-benzylmethylsuIfonylamino)-1 -ethanol (1.14 g, 5 mmoles) with stirring under ice-cooling and the 
mixture was stirred at room temperature for 30 minutes. To this reaction mixture was added 5- 
35 chloroimidazo[1,2-a]pyridine (0.763 g, 5 mmoles) with stirring under ice-cooling, followed by stirring at 80*C 
for 16 hours. After cooling, water was added to the reaction mixture, which was extratced with ethyl acetate 
and dried. After the solvent was distilled off, the residue was purified by column chromatography [eluent: 
ethyl acetate/hexane (1:1) -* ethyl acetate/hexane (2:1)] to obtain 0.68 g of the desired product (39.4%, pale 
yellow oily product). 

40 NMR (200MHz, CDCb) 6 : 2.94 (3H. s), 3.72 (2H. t, J = 6.0Hz), 4.23 (2H, t, J = 5.8Hz). 4.52 (2H, s). 5.87 (IH, 
d, J = 6.8Hz). 7.11 (1H. d. J = 7.2. 9.0Hz). 7.25-7.40 (6H. m). 7.58 (2H, s) 
IR (Neat) cm-^: 3150, 3030. 2930, 1640, 1540 

Example 58 

45 

Synthesis of 5-[3-(methylsulfonylamino)propylthio]imidazo[1 ,2-a]pyridine (Compound 27) 
(1) Synthesis of 3-methylsulfonylamino-1-methylsulfonyloxypropane 

50 To a solution of 3-amino-1 -propanol (11.47 ml, 150 mmoles) and triethylamine (46 ml, 330 mmoles) in 
dichloromethane (250 ml) was added methylsulfonyl chloride (25.5 ml, 330 mmoles) with stirring under ice- 
cooling and the mixture was stirred at room temperature for 30 minutes. The reaction mixture was washed 
in turn with an aqueous sodium bicarbonate and water and dried. After the solvent was distilled off, the 
residue was purified by column chromatography (eluent: ethyl acetate) to obtain 24.22 g of the desired 

55 product (69.8%, white crystals). 
Melting point: 53.5-55.5 *C 

NMR (200MH2. CDCb) 5 : 2.02 (2H. quint, J = 6.4H2), 2.98 (3H, s). 3.05 (3H, s). 3.31 (2H, q. J = 6.4Hz). 4.37 
(2H. t. J = 5.8Hz), 4.68 (1 H, bs) 
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(2) Synthesis of 5-(3-(methylsulfonylamino)propylthio]rmidazo(1 .2-a]pyridine (Compound 27) 

To a solution of 5-mercaptoimida2o[1 ,2-a]pyridine (1.50 g, 10 mmoles) and 4M sodium methylate (2.93 
ml. 12 mmoles) in ethanol (50 mi) was added 3-methytsu)fonylamino-1-methylsulfonyloxypropane (2.77 g. 

5 12 mmoles) at room temperature and the mixture was heated under reflux for 16 hours. After cooling, the 
solvent was distilled off. The residue was dissolved in chloroform, washed with an aqueous saturated 
sodium bicarbonate solution and dried. After the solvent was distilled off. the residue was purified by 
column chromatography [eluent: ethyl acetate/ethanol (50:1)] to obtain 1.34 g of the desired product (47.5%, 
pale yellow crystals). 

70 Melting point: 1 14-1 16* C 

NMR (200MHz. CDCta) 5 : 1.92 (2H, quint. J = 6.8H2). 2.95 (3H. s), 3.09 (2H. t. J = 7.0H2). 3.30 (2H. q. 
J = 6.6H2), 4.82 (1H, bs). 6.94 (1H, d. J = 7.0Hz). 7.15 (1H. dd, J = 7.0. 9.0H2). 7.60 (1H. d. J = 9.0Hz), 7.69 
(1H. s). 7.84 (1H. s) 

IR (KBr) cm-^: 3440. 3080.2850. 1615. 1485. 1315, 1140 

15 

Example 59 

Synthesis of 5-[1 -(methylsulfonyl)-4-piperidylsulfinyl]imidazo[1 .2-a]pyridine (Compound 187) and 5-[1- 
(methylsulfonyl)-4-piperidylsulfonyl)imida2o[1 .2-a]pyridine (Compound 188) 

20 

To a solution of 5-[1-(methylsulforiyl)-4-piperidylthio]imidazo[1 .2-a]pyridine (0.934 ml. 3.0 mmoles) in 
chloroform (30 ml) was added m-chloroperbenzoic acid (0.914 g, 4.5 mmoles) with stirring under ice-cooling 
and the mixture was stirred at room temperature for 2 hours. To this reaction mixture was added m- 
chloroperbenzoic acid (0.609 g. 3.0 mmoles) with stirring under ice-cooling and the mixture was stirred at 
25 room temperature for 1 hour. The reaction mixture was washed with an aqueous IN sodium hydroxide 
solution and dried. After the solvent was distilled off. the residue was purified by column chromatography 
[eluent: ethyl acetate/ethanol (25:1 10:1)] to obtain 0.272 g of the sulfone compound (24.2%, white 
crystals) as Fraction 1 and 0.273 g of the sulfoxide compound (26.5%, white crystals) as Fraction 2. 

30 5-[1-(methylsulfonyl)-4-piperidylsulfonyl]imida20[1 .2-a]pyridine (Compound 188) 

Melting point: 224-226* C 

NMR {200MHz, CDCb) 5 : 1.96-2.12 (4H, m), 2.68-2.82 (1H. m), 2.79 (3H. s), 3.22 (1H, m). 3.85-3.97 (2H. 
m). 7.36 (1 H, dd. J = 7.2, 8.8H2), 7.64 (1 H. d, J = 7.2H2), 7.86 (1 H. bs). 7.98 (1 H. d. J = 9.0Hz), 8.34 (1 H, bs) 

35 

5-[1 -(nr>ethyIsulfony l)-4-piperidy lsulfinyl]imidazo[1 ,2-a]pyridine (Compound 1 89) 
Melting point: 205* C (decomp.) 

NMR (200MHz, CDCI3) 5 : 1.69-2.08 (4H. m), 2.66-2.85 (1H. m), 2.79 (3H. s), 3.29 (1H, m), 3.82-3.79 (2H. 
40 m), 7.25-7.38 (2H, m). 7.81-7.86 (2H, m). 8.09 (1H. bs) 

Example 60 

Synthesis of 5-[2-[3-(hydroxy)isoindolin-1-one-2-yl]ethylthio]imida20[1 .2-a]pyridine (Compound 189) 

45 

To a suspension of 5-mercaptoimida2o[l .2-a]pyridine (159 mg, 1 mmole) and " 2-[2-(bromo)ethyl]-3- 
hydroxyindotin-1-one (256 mg, 1 mmole) in ethanol (15 ml) was added trimethylamine (0.21 ml. 1.5 
mmoles) and the mixture was stirred at room temeperature for 12 hours and heated under reflux for 2 
hours. After the solvent was distilled off, chloroform was added to the residue, which was washed with water 
50 and dried over anhydrous magnesium sulfate. After the solvent was distilled off. the residue was purified by 
column chromatography [eluent: ethyl acetate/ethanol (10:1)] to obtain 11.9 g of the desired product (36.6%, 
pale yellow solid). 

NMR {200MHz. CDCb-DMSO-dB) 6 : 3.38 (2H, m). 3.88 (2H. m), 5.82 (1H, m). 6.47 (1H, m). 7.14-7.67 {2H, 
m). 7.44-7.67 (5H. m). 7.76 {1H. m). 7.85 (1H. m) 

55 

Example 61 

Synthesis of 5-[2-(isoindolin-1-one-2-yl)ethylthio]imidazo[1,2-a]pyndtne (Compound 190) 

60 
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To a suspension of 5-mercaptoimida2o[1 .2-a]pyridine (150 mg, 1 mmole) and 2-[2-(bromo)ethyl]- 
isoindolin-1-one (240 mg. 1 mmole) in ethanol (15 ml) was added triethylamine (0.21 ml, 1.5 mmoles) and 
the mixture was stirred at room temperature for 12 hours and heated at reflux for 2 hours. After the solvent 
was distilled off, chloroform was added to the residue which was washed with water and dried over 
5 anhydrous magnesium sulfate. After the solvent was distilled off, the residue was purified by column 
chromatography [eluent: ethyl acetate/ethanol (15:1)] to obtain 238 mg of the desired product (77.0%, light 
brown solid). 

NMR (200MH2, CDCI3) 5 : 3.32 (2H. t, J = 6.8Hz). 3.89 (2H. t. J = 6.8Hz). 4.39 (2H, s), 7.05-7.18 (2H, m). 
7.37-7.60 (4H. m). 7.70 (1H. d. J = 1.2H2). 7.82-7.88 (2H. m) 

10 

Example 62 

Synthesis of 5-[2-(phenylsulfonylamino)ethylsulfinyl]imida2o[l ,2-a]pyridine (Compound 191) 

15 To a suspension of 5-[2-(phenylsulfonylamino)ethylthio]imidazo[1 ,2-a]pyridine (600 mg, 1.8 mmoles) in 
chloroform (50 ml) was added m-chloroperbehzoic acid (913 mg, 4.5 mmoles) with stirring under ice-cooling 
and the mixture was stirred at room temperature for 22 hours. The reaction mixture was washed in turn with 
an aqueous IN sodium hydroxide solution and saturated saline and dried over anhydrous magnesium 
sulfate. After the solvent was distilled off, the residue was purified by column chromatography [eluent: ethyl 

30 acetate/ethan6l(10:1)] to obtain 200 mg of the desired product (31.8%, light brown solid). 

NMR (200MH2, CDCI3) S : 3.16 (1H, m), 3.35-3.85 (3H, m), 5.96 (1H. br), 7.28-7.36 (2H, m). 7.48-7.67 (3H, 
m). 7.75-7.90 (5H. m) 

Example 63 

25 

Synthesis of 5-[2-(tert-bothoxycarbonylamino)ethylthio]-3-nitrotmidazo[l ,2-a]pyridine (Compound 192) 

To a solution of cysteamine (2.95 g, 38.2 mmoles) in DMF (50 ml) was added 60% sodium hydride in 
oil (1.53 g, 38.2 mmoles) with stirring under ice-cooling and the mixture was stirred at room temperature for 

30 10 minutes. To the mixture was added 5-chloro-3-nitroimidazo[l ,2-a]pyridine (5.81 g. 29.4 mmoles), 
followed by stirring under ice-cooling for 30 minutes and further stirring at room temperature for 30 
minuters. Di-tert-butyl dicarbonate (9.62 g, 44 mmmles) was added, followed by stirring at room tempera- 
ture for 4 hours. The reaction mixture was poured into water, which was extracted with ethyl acetate, 
washed with water and dried oyer anhydrous magensium sulfate. After the solvent was distilled off, the 

35 residue was purified by column chromatography (eluent: ethyl acetate) to obtain 2.06 g of the desired 
product (20.7%, tan solid). 

NMR (200MH2, CDCI3) 6 : 1.41 (9H, s). 3.17-3.41 (4H. m), 5.00 (1H, br), 7.36 (1H, dd. J = 6.2, 2.6Hz), 7.59- 
7.71 (2H, m), 8.54 (1H, s) 

40 Example 64 

Synthesis of 5-[2-(methylsulfonylamino)ethylthioJ-3-nitroimida2o[1 .2-a]pyridine (Compound 193) 

(1) Synthesis of 5-[2-(amino)ethylthio]-3-nitroimida20[1 ,2-a]pyridine*dihydrochloride 

45 

To a suspension of 5-[2-(tert-butoxycarbonylamino)ethylthio]-3-nitroimida20[1 ,2-a]pyridine (364 mg, 1.08 
mmoles) in methanol (3 ml) was added cone, hydrochloric acid (2 ml) and the mixture was stirred at room 
temperature for 1 hour. Then., the solvent was distilled off to obtain 340 mg of the desired product 
(quantitative, brown solid). 

50 

(2) Synthesis of 5-[2-(methylsutfonylamino)ethylthio]-3-nitroimidazo[1 .2-a]pyridine (Compound 193) 

To a solution of 5-[2-(amino)ethylthio]-3-nitroimida2o[1.2-a]pyridine*dihydrochIoride (221 mg, 0.71 
mmole) and triethylamine (0.33 ml, 2.37 mmoles) in methylene chloride (30 ml) was added methanesulfonyl 
55 chloride (0.08 ml, 1.03 mmoles) with stirring under ice-cooling and the- mixture was further stirred at the 
same temperature for 10 minutes. After washing with water, the reaction mixture was dried over anhydrous 
magnesium sulfate. After the solvent was distilled off, the residue was purified by column chromatography 
(eluent: ethyl acetate) to obtain 108 mg of the desired product (48.0%, orange solid). 

61 
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NMR (200MHz. CDCI3) 5 : 2.84 (3H. s). 3.09 (3H. s). 3.33 (2H. m). 7.24 (1H, br). 7.65 (1H. m). 7.77-7.90 (2H, 
m). 8.78 (1H. s) 

Example 65 

5 

Synthesis of 5-[1-(methylsulfonyl)-4-piperidyloxy]-3-nitroimida2o[1,2-a]pyridine (Compound 194) 

To a solution of 4-hydroxy-l-methylsulfonylpiperidine (2.15 g. 12 mmoles) in dimethylformamide (3 ml) 
was added 60% sodium hydride in oil (0.48 g. 12 mmoles) with stirring under ice-cooling and the mixture 

70 was stirred at room temperature for 10 minutes. To the reaction mixture was added 5-chloro-3-nitroimidazo- 
[1 ,2-a]pyridine (1.976 g, 10 mmoles) with stirring under ice-cooling and the mixture was stirred at the same 
temperature for 30 minutes. The reaction mixture was poured into water, which was extracted with ethyt 
acetate. The precipitate was filtered off. washed with water and dried to obtain 1.862 g of the- desired 
product (54,7%, yellow solid). The organic layer was washed with water and dried over anhydrous 

75 magnesium sulfate. After the solventy was distilled off, the crude crystalls thus obtained were recrystallized 
from methylene-n-hexane to obtain 460 mg of the desired product (460 mg. tan solid). 

NMR (200MH2. CDCIs) 5 : 2.02-2.23 (3H, s), 2.90 (3H. s). 3.29 (2H, m), 3.66 (2H. m). 4.95 (1H. m). 6.44 (1H, 
d. J = 7.6Hz). 7.43 (1 H, d, J = 8.8H2), 7.58 (1 H. dd. J = 8.8. 7.6H2). 8.40 (1 H. s) 

20 Example 66 



Synthesis of 3-amino-5-[1-(methylsuffonyl)-4-piperidyloxy]imida2o[1 ,2-a]pyridine (Compound 195) 

To a solution of 5-[1-(methylsulfonyl)-4-prperidyloxy]-3-nitroimida20[1 ,2-a]pyridine (70 mg, 0.226 mmole) 
25 in methylene chloride (10 ml) was added 10% palladium-carbon (50 ml) and the mixture was stirred in 
hydrogen atmosphere at room temperature for 1.5 hours. After the reaction mixture was treated with Cellite, 
the solvent was distilled off. To the residue was added chloroform, which was washed in turn with an 
aqueous saturated sodium bicarbonate solution and water and dried over anhydrous magnesium sulfate. 
After the solvent was distilled off, the residue was purified by column chromatography [eluent: 
30 chloroform/methanol (15:1)] to obtain 93 mg of the desired product (30.0%. brown oily product). 

NMR (200MHz, CDCI3) 5 : 2.17 (4H. m). 2.84 (3H, s), 3.28-3.53 (4H. m), 4.70 (IN, m). 5,87 (1H, dd, 
J = 7.2Hz). 6.87 (1 H, dd. J = 9. 7.2H2). 7.07 (1 H, d, J = 9Hz), 7.27 (1 H. s) 

Example 67 

35 

Synthesis of 2-isobutylcarbamoyl-5-[2-(methylsulfonylamino)ethylthio][1 ,2-a]pyridine (Compound 196) 

A mixture of 2-ethoxycarbonyl-5-[2-(methylsulfonyIamlno)ethylthio][1 .2-a]pyridine (148 mg, 0.431 
mmole). isobutylamine (0.86 ml. 8.65 mmoles) and ethanol (10 ml) was heated under reflux for 18 hours. To 

40 the mixture was further added isobutylamine (1.72 ml. 17.3 mmoles) and the mixture was heated under 
reflux for 17 hours. To the mixture was further added isobutylamine (1.72 ml., 17.3 mmoles) and the mixture 
was heated under reflux for 8 hours. After the solvent was distilled off, the residue was purified by column 
chromatography (eluent: ethyl acetate) to obtain 139 mg of the desired product (86.9%, pale yellow solid). 
NMR (200MHz. CDCI3) 5 : 1.00 (6H. d, J = 6.6Hz), 1.93 (1H, nonet. J = 6.6Hz), 2.98 (3H, s). 3.15-3.43 (6H. 

45 m). 5.51 (1H. brt. J=6Hz). 7.10 (1H. dd. J = 7. 1.2Hz), 7.24 (1H, dd. J = 9. 7H2). 7.49 (1H. br), 7.55 (1H, m). 
8.47 (1 H. s) 

Example 68 

50 According to the same manner as that described in Example 31, the following compound was obtained. 

5-[3-[N-(methylsulfonyl)-3-{phenyl)propylamino]propylthio]imidazo[1 .2-a]pyridine (Compound 1 97) 

NMR (200MHz, CDCts) 5 : 1.80-2.00 (4H,), 2.62 (2H. t. J = 7.6H2), 2.80 (3H. s), 3.02 (2H, t, J = 7Hz), 3.17 
55 (2H. m), 3.28 (2H, m). 6.91 (1H, dd, J = 7, IH2), 7.07-7.34 (6H, m), 7.59 (1H. d. J = 9Hz). 7.85 (IH.m) 

Example 69 
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Synthesis of 5-(1-(methylsulfonyl)-4-piperidylthio]imidazo[1 .2-a]pyridine (free compound of Compound 29) 

(1) Synthesis of 1-methylsulfonyl-4-methylsulfonyloxypiperidine 

5 To a solution of 4-hydroxypiperidine (5.10 g. 50 mmoles) and triethylamine (20.9 ml, 150 mmoles) in 

methylene chloride (150 ml) was added methanesulfonyl chloride (8,54 ml, 110 mmoles) with stirring under 
ice-cooling and the mixture was stirred at room temperature for 1 hour. The reaction mixture was washed in 
- turn with an aqueous saturated sodium bicarbonate solution and saturated saline and dried over anhydrous 
magnesium sulfate. After the solvent was distilled off. the residue was solidified with ethyl acetate-n-hexane 

70 to obtain 11.45 g of the desired product (88.3%, pale yellow solid). 

NMR (200MHz. CDCI3) 5 : 2.07 (4H, s). 2.81 (3H, s), 3.36 (4H, m), 4.93 (1H. m) 

(2) Synthesis of 5-[1-(methyIsulfonyl)-4-piperidylthio]imida2o[1 .2-a]pyridine (free compound of Compound 
29) 

'5 

To a suspension of 5-mercaptoimidazo[l ,2-a]pyrtdine (1.50 g, 10 mmoles) in ethanol (100 ml) was 
added a solution of 4.1 M sodium methylate (2.44 ml, 10 mmoles) in methanol and the mixture was stirred 
at room terhperature for 10 minutes. To the reaction mixture was added 1-methylsulfonyl-4-methylsul- 
fonyloxypiperidine (2,83 g, 11 mmoles) at room temperature and the mixture was heated under reflux for 14 

20 hours. After the solvent was distilled off. the residue was dissolved in chlproform, which was washed in turn 
with an aqueous IN sodium hydroxide. solution and water and dried over anhydrous magnesium sulfate. 
After the solvent was distilled off, the residue was purified by column chromatography [eluent; ethyl 
acetate/ethanol (10:1)] to obtain 1.27 g of the desired product (40.8%. light brown solid). 
NMR (200MHz. CDCI3) 5 : 1.70-2.13 (4H. m), 2.79 (3H, s). 2.90 (2H. m). 3.35 (1H. m), 3.69 (2H. m), 7.05 

25 (1 H. dd, J = 7. 1 .2Hz). 7.1 7 (1 H, dd, J = 8.8, 7H2), 7.67 (1 H. d, J = 8.8H2), 7.71 (1 H. d, J = 1 .2Hz). 7.96 (1 H. 
S) 

Preparation 1 



(1) Compound 1 


100 g 


(2) Lactose 


50 g 


(3) Corn starch 


15 g 


(4) Carboxymethylcellulose calcium 


44 g 


(5) Magnesium stearate 


1 g 


1 ,000 Tablets 


210 g 



All the components (1), (2) and (3) and 30 g of the component (4) were kneaded with water, dried under 
40 vacuum and granulated. The granulated powder was mixed with 14 g of the component (4) and 1 g of the 
component (5) and the mixture was charged in a tabletting machine to obtain 1,000 tablets containing 100 
mg of the component (1) per one tablet. 

Preparation 2 



(1) Compound 1 


10 g 


(2) Lactose 


4.5 g 


(3) Corn starch 


4.5 g 


(4) Magnesium stearate 


1 g 


100 Capsules 


20 g 



All the components were thoroughly admixed and filled into a suitable gellatin capsule to obtain 100 
55 capsules containing 100 mg of the component (1) per one capsule. 

Preparation 3 
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(1) Compound 2 



10 g 



(2) Sodium chloride 



1.8 g 



(3) Distilled water for injection suitable amount 



Total amount 



200 ml 



10 



15 



20 



25 



30 



35 



40 



45 



50 



The component (3) was added to all the connponents (1) and (2) to dissolve them and the total amount 
of the solution was adjusted to 200 ml. Then, the solution was sterilized and filled into ampoules of suitable 
size to obtain 100 ampoules containing 100 mg of the component (1) per one ampoule. 

Experiment 1 

Calmodulin inhibitory activity 
(Experimental method) 

To a reaction system (0.45 ml) composed of 50 mM Tris-HCI buffer (pH 7.4). 5 mM MgCb. 10 uM 
CaCt2 and carmodulin [2 units; manufactured by Sigma Co.. p-0270] or 3mM EGTA, cyclic nucleotide 
phosphodiesterase [0.01 unit; manufactured by Sigma Co., p-0520]. and 1 uM cGMP ([3H]cGMP. containing 
3nCi) was added the compound of the present invention obtained in the above Example (1% DMSO 
solution. 50 al) and the reaction was carried out at 3?' C for 15 minutes. Then, the reaction was terminated 
by boiling the tubes for 2 minutes. The pH]5'-GMP products was converted to pHjguanosine by additional 
incubation at 37 'C for 10 minutes with 50 ug of snake venom (C. atrox). as 5'-nucleotidase. Following the 
addition of carrier guanosine, into the reaction tubes Dowex 1 x 8 resin was added, and the tubes were 
centrifuged for 1 minute. Radioactivity in the 250 ul of supernatant was counted. The determination of the 
inhibition was according to the following formula. 

% Inhibition = 100 - (count in the presence of a medicine - count in the presence of EGTA)/(count in 
the absence of a medicine - count in the presence of EGtA) x 100 

The results are shown in Table 1 . 
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As shown in Table 1, the compounds of the present invention have excellent calmodulin inhibitory 
40 activity. 

Experiment 2 



45 



Hypotensive activity in spontaneous hypertensive rat (SHR) 
(Experimental method) 



50 



SHR male rats of twenty weeks old were used. They were warmed in an incubator at 37* C for 5 
minutes and the measurement was conducted according to Plethysmograph method. Medicines (the 
compounds in the above Examples) were suspended in gum arabic-water and were orally administered in 
an amount of 2.5 ml/kg. Blood pressure was measured before administration of medicines, at 1 hour and at 
5 hours after administration, and the change of the value from that before administration was determined, 
respectively. 

The results are shown in Table 2. 



55 
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Table 2 



Hypotensive activi ty 





Compound No. 


Dose 


Change of 


blood pressure 


10 




(mg/kg) 


1 hour 


.5 hours 




1 


100 


-11. 2 


-11.5 


15 


28 


100 


-13.5 


-43.0 




64 


100 


-31.0 


-27.0 




67 


100 


-15.0 


-22.0 


20 


69 


100 


-7.0 


-32.0 



25 



As shown in Table 2, the compounds of the present invention have excellent hypotensive activity. 
Experiment 3 



Effect on incidence of arrhythmia caused by ischemia and following reperfusion in rat heart 

30 (Experimental method) 

Male Sprague Dawley rats (Japan Clea) of 9 to 10 weeks old were anesthetized with 50 mg/kg (i.p.) of 
sodium pentobarbital. The heart was exposed by a left thoractomy under artificial ventilation with room air 
and silk suture was placed under the main left coronary artery (LAD) to ligate for 5 minutes. Then, the 

35 ligature was released again for reperfusion. The incidence of ventricular tachycardia (VT), ventricular 
fibrillation (VF) and cardiac arrest (CA) caused until 10 minutes after reperfusion were noted. Medicines 
(compounds obtained in the above Examples) were orally administered (5 ml/kg) at 1 hour before tightening 
the ligature. The effect of medicines were estimated in comparison with the frequency of a group received a 
vihicle according to X^-test. 

40 The results are shown in Table 3 below. 
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Table 3 

Effect on incidence of arrhythmia caused by 

ischemia and following reperfusion in rat heart 



Compound No. Dose VT VF CA 

(mg/kg) (Frequency) 



15 


1 


10 


2/4 


2/4 


1/4 




1 


30 


1/4 


1/4 


0/4 




14 


10 


1/3 


0/3 


0/3 


20 


26 


10 


2/3 


1/3 


1/3 




32 


30 


1/3 


1/3 


1/3 


25 


64 


30 


1/3 


1/3 


1/3 




118 


30 


1/3 


1/3 


0/3 




127 


30 


1/3 


1/3 


0/3 


30 


vehicle 




7/7 


7/7 


2/7 



As shown in Table 3, the compounds of the present invention decrease the frequency of arrhythmia 
35 induced by 5 minutes of occlusion followed by reperfusion. 

Experiment 4 

Effect on acute renal failure caused by ischemia and following reperfusion in rat kidneys. 

40 

(Experimental method) 

SD rats (male) of 6 to 7 weeks old were anesthetized with pentobarbital sodium (50 mg/'kg, i.p.) and 
bilateral renal arteries were ligated. After 45 minutes, a crip was removed to reperfuse. After 20 hours, blood 
45 was collected from abdominal aorta under anesthesia with pentobarbital sodium and blood urea nitrogen 
(BUN) was measured. Medicines (compounds obtained in the above Examples) were administered (5 
fTiQ^Q) 1 hour before occulusion of renal artery. 

The results are shown in Table 4. 
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Table 4 

Effect on acute renal failure caused by ischemic 
renal/reper fusion in rat 



10 



Compound No , 



Dose 
(mg/kg) 



Blood urea nitrogen 
(mg/kg) 



75 



10 



83*3 ± 20.4 



20 



30 



71.1 ± 11.4 



25 



50 



65.6 ± 5.1 



vehicle 



118.2 ± 5.0 



30 



As shown in Table 4, the compounds of the present invention depress the increase in BUN in ischemic 
35 renal/reperfusion of rats. 

Another aspect of the present invention to provide novel angiogenesis inhibitors. 

It is well known that angiogenesis occurs in normal physiologic conditions of human or mammal such as 
embryogenesis and ovulation or placentation caused by female sexual cycle, wound healing, restoration 
process of infliammation, and in various morbidity wherein blood capillaries rapidly form and increase to 

40 cause serious damage to tissue and the like shown as follows. As the diseases caused by such a pathologic 
increase of blood capillaries, for example, there have been known diabetic retinopathy, retrolental 
fibroplasia, angiogenesis accompanying keratoplasty, glaucoma, opthalmic tumor and trachoma and the like 
in the opthalmologic field; psoriasis, suppurative granuloma and the like in the dermatologtc field; angioma, 
fibrous angioma and the like in the pediatric field; hypergenic cicatrix, granulation and the like in the surgical 

45 field; arthritis rhuematica, edematous sclerosis and the like in the medical field; atherosclerosis and the like 
in cardiac diseases; various tumors and the like. 

Particularly, a lot of people become blindness by abnormal Increase of angiogenesis in diabetic 
retinopathy and trachoma. Further, a lot of people suffer from breakage of cartilage by abnormal an- 
giogenesis in a joint due to arthritis rheumatica. Accordingly, it is requested to develop a compound useful 

50 as a medicine for treatment or prevention of diseases accompanying such an abnormal increase of 
angiogenesis. Furthermore, it is considered that rapid growth and extension of a tumor is caused by 
vascularization induced by an angiogensis factor which is produced by tumor cells. Therefore, it is expected 
that a an angiogenesis Inhibitor becomes a new medicine for treatment of various tumors and studies on 
angiogenesis inhibitors have been started [J. Folkman, Advance in Cancer Research, 43, 175 (1985), edited 

55 by George Klein and Sidney Weinhouse]. 

It has already been known that angiogenesis Is inhibited by using heparin or heparin fragment in 
combination with a so-called "angiostatic steroid" (angiogenesis inhibiting steroid) such as cortison and the 
like [J. Folkman et al., Science. 221^. 719 (1983): J- Folkman et al.. Annals of Surgery. 206, 374 (1981)]. 
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Further, it has been recognized that angiogenesis inhibitory activity is synergistically exhibited by using 
sulfated a, ^, and y-cyclodextrin. particularly, 0 -cyclodetrin tetradecasutfate or heparin in combination with 
an angiostatic steroid as described above, fumagillin, a collagen synthesis inhibitor or the like [D. Ingber and 
J. Folkman, Laboratory Investigation. 59. 44 (1988)]. 
5 On the other hand, U.S. Patent Nor4.599.331 discloses that angiogenesis inhibitory activity is observed 

by using a steroid (etianic acid derivative) alone. However, this steroid has also strong adrenocorticosteroid 
hormone activity and. therefore, there is a large dufficulty to use it as a medicine. 

There has been a lot of reports concerning imidazo[1 .i2-a]pyridine derivatives. However, there are few 
reports of a pharmacological activity concerning a compound wherein an alkylthio group having a functional 
10 group is bound at 5-position thereof. Particularly, regarding such a compound having a carbamate ester as 
the functional group, only 5-(2-tert-butoxycarbonylaminoethylthio)lmida20[1 ,2-a]pyridine and 5-[2-(N- 
chloroacetylcarbamoyloxy)ethylthio]imidazoil ,2-a]pyridineare reported as a starting material of synthesis of 
cephem compounds having excellent antibacterial activity in European Patent Application P871 081 89.9, 
However, there is no description about a pharmacological activity thereof. 
75 Under these circumstances, the present inventors have synthesized various imidazo[1 .2-a]pyridine 
derivatives having a substituent at 5-position and intensively studied their pharmacological activities. As a 
result, it has been found that some of them have excellent angiogenesis inhibitory activities. 

Thus, the present invention also provides a novel angiogenesisinhibitory composition comprising a 
compound of the formula (1): 

20 

— 

S-A-N"COOR^ 

30 

wherein A' is a divalent Ci-is hydrocarbon group which may contain ethereal oxygen at any possible 
position and a branched part of the hydrocarbon group may be substituted; and R'' are the same or 
different and are a hydrogen, an optionally substituted hydrocarbon group, a halogen, a nitro group, a 
nitroso group, an optionally protected amino group, a lower alkoxycarbpnyl group or a lower alkyi carbamoyl 
35 group; R*^ is a hydrogen or an optionally substitued hydrocarbon group or may form a ring together with the 
carbon atom of A; and R^ is an optionally substituted hydrocarbon group, or a salt thereof. 
In the formula (1). examples of the group represented by A' include the formula: 

40 III 

-(C)^-(C) -(C)^- 

*f 'h N 

R^ r3 



wherein x. y and z are integers of 0 to 5. respectively; R^R^ R^. R^, R' and W are a hydrogen, or an 
optionally substituted lower alkyI, lower alkenyl, aralkyl. aryl, or heterocyclic group; or R® and R^ or R^ and 
R^ or R' and R^ may bind together to form a ring, or R® or R^ may bind together with R' or Ri to form a ring, 
-CH2CH2OCH2CH2- or the formula: 



55 



/r:v'CCH:)b- 



-(CH:)a ^ 

wherein a and b are integers of 0 to 5, respectively and the like. 

Examples of the lower alkyI group represented by R^ R*. R^, R^. R' and R^ include a straight or 
branched alkyI group having 1 to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
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sec-butyl, tert-butyl, pentyl. hexy! and the tike. Examples of the lower alkenyl group represented by R®, R*, 
R9, R^. R' and R^ include a lower alkenyl group having 2 to 6 carbon atoms such as vinyl, allyl, 2-butenyl. 3- 
butenyl and the like. The lower alkyi and lower alkenyl group may have 1 to 5 substituents and examples 
thereof include halogen, nitro, -amino, lower alkylamino. cyclic amino, lower alkoxy, aryloxy. carbamoyl, 
5 cyano, hydroxy, carboxy, lower alkoxycarbonyl. lower alkylcarbamoyi and the like. Examples of halogen 
include fluoro, bromo. chloro and iodo. 

Examples of the lower alkylamino group as the above substituent include a N-monoalkylamino group of 
which alkyI moiety has 1 to 6 carbon atoms such as methylamino, ethylamino, propylamine, butylamino and 
the like, and a N.N-dialkylamino group of which alkyI moiety has 1 to 6 carbon atoms such as 

w dimethylamino, diethylamino. dibutylamino. methylethylamino and the like. 

Examples of the cyclic amino group as the above substituent include a 4 to 7 membered cyclic amino 
group such as N-pyrrolidino, piperazino, piperadinyl, morphotino, homopiperazino and, the like. 

Examples of the lower alkoxy group as the above sustituent include a straight or branched alkoxy group 
having 1 to 6 carbon atoms such as methoxy. ethoxy, propoxy, isopropoxy, butoxy, pentoxy and the like. 

75 Examples of the aryloxy group as the above substituent include a Cg-io aryloxy group such as phenoxy. 1- 
naphthoxy. 2-naphthoxy and the like. Examples of the lower alkoxycarbonyl group as the above substituent 
include an alkoxycarbonyl group of which alkoxy moiety has 1 to 6 carbon atoms such as methoxycarbonyl, 
ethoxycarbonyl propoxycarbonyl. butoxycarbonyl and the like. Examples of the lower alkylcarbamoyi group 
as the above substituent include a N-monoaikylcarbamoyl group of which alky! moiety has 1 to 6 carbon 

20 atoms such as methylcarbamoyi, ethylcarbamoyl, propylcarbamoyl, butylcarbamoyi and the like and a N.N- 
dialkylcarbamoyl group of which alkyI moiety has 1 to 6 carbon atoms such as dimethylcarbamoyi, 
diethylcarbamoyl. dibutylcarbamoyi, methylethylcarbamoyi and the like. 

As the aralkyi group represented by R®, H\ R^, R". R' and R^ for example, there is a phenyl lower alkyI 
group of which alkyI moiety has 1 to 6 carbon atoms such as benzyl, phenethyl, 3-phenylpropyl. 4- 

25 phenylbutyl and the like and a naphthyl-lower alkyI of which alkyI moiety has 1 to 6 carbon atoms such as 
(l-naphthyl)methyl, 2-(1-naphthyl)ethyl, 2-(2-naphthyl)ethyl and the like. The phenyl moiety of the phenyl- 
lower alky] group and the naphthyl part of the naphthyl-lower alkyI group may be substitued with 1 to 4 
substituents such as halogen, tower alkyI, lower alkoxy, nitro, cyano. hydroxy, lower alkoxycarbonyl. 
carbamoyl, lower alkylcarbamoyi and the like. Examples of halogen include fluoro. bromo. chloro and iodo. 

30 Examples of the lower alkyI group and the lower alkenyl group include those similar to the lower alkyI group 
or a lower alkenyl group represented by R®, R', R^, R^, R' and R^ As the lower alkoxy group, for example, 
there is a straight or branched alkoxy group having 1 to 6 carbon atoms such as methoxy, ethoxy. propoxy, 
isopropoxy. butoxy, pentoxy and the like. As the lower alkoxycarbonyl group, for example, there are an 
alkoxycarbonyl group of which alkoxy moiety has 1 to -6 carbon atoms such as methoxycarbonyl. 

35 ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl and the like. As the lower alkylcarbamoyi group, for 
example, there are a N-alkylcarbamoyI group of which alkyI moiety has 1 to 6 carbon atoms such as 
methylcarbamoyi. ethylcarbamoyl. propylcarbamoyl, butylcarbamoyi and the like, and a N,N-dialkylcar- 
bamoyl group of which alky! moiety has 1 to 6 carbon atoms such as dimethylcarbamoyi. diethylcarbamoyf, 
dibutylcarbamoyi. methylethylcarbamoyi and the like. 

40 As the aryl group represented by R^. R*. R^, R^. R' and R^, for example, there are an aromatic 
monocyclic, btcyclic or tricyclic hydrocarbon group such as phenyl, 1 -naphthyl, 2-naphthyl. phenanthryl, 
anthryl and the like, and examples of the heterocyclic group include an aromatic monocyclic group or 
bicyclic hetero ring bound via carbon atoms, which contains 1 to 4 hetero atoms such as sulfur, oxygen, 
nitrogen and the like, such as thienyl. furyl. benzothienyl, benzofranyl and the like. The aryl group and the 

45 heterocyclic group may be substituted with 1 to 4, preferably 1 or 2 substituents such as halogen, lower 
alkyI, lower alkoxy, nitro, cyano. oxo, hydroxy, amino, lower alkoxycarbonyl, carbamoyl, lower alkylcar- 
bamoyi and the like. Examples of halogen in the above substituents include fluoro. bromo, chloro and iodo. 
As the lower alkyI group, for example, there is the alkyI group having 1 to 6 carbon atoms as described 
above and, as the lower alkenyl group, for example, there is a lower alkenyl group having 2 to 6 carbon 

50 atoms as described above. As the alkoxy group, for example, there is an alkoxy group having 1 to 6 carbon 
atoms and, as the lower alkoxycarbonyl group, for example, there is an alkoxycarbonyl group of which 
alkoxy moiety has 1 to 6 carbon atoms. As the lower alkylcarbamoyi group, for example, there is a N- 
monoalkylcarbamoyi group of which alkyi moiety has 1 to 6 carbon atoms and a N.N-dialkylcarbamoyI 
group of which alkyI moiety has 1 to 6 carbon atoms. Examples of these groups include groups similar to 

55 the lower alkoxy group, the lower alkoxycarbonyl group and the lower alkylcarbamoyi group as the 
substituents of the phenyl moiety in the above aralkyi group. As the aryl group having oxo group, for 
example, there is benzoquinolyl. naphthoquinolyl, anthraquinolyl and the like. 

As the ring formed by binding R® and R*, R^ and R^. or R' and R*. for example, there is Ca-s 

71 

BNSDOCID: <EP 047123&A1> 



EP 0 471 236 A1 



cycloalkane such as cyclopropane, cyclobutane. cyclohexane and the like. As the ring formed by binding 

or with R^ or R\ for example, there is C3-8 cycloalkane such as cyclopropane, cyclobutane, cyclopen- 

tane. cyclohexane, cycloheptane and the tike. 

As the optionally substituted hydrocarbon group in R^ and R^ for example, there are a lower alkyi 
5 group, a lower alkenyl group, an aralkyi group and an aryl group which are optionally substituted with the 

substituents in the above group represented by A'. Further, examples of halogen include fluoro, chloro. 

bromo and iodo. As the optionally protected amino group, for example, there are an amino group, an 

acylamino group and the like. As the acyl group of the above acylamtno group, there is a group represented 

by -COR^ or -CO2R**, for example, a lower alkylcarbonyl group (e.g. Ci -salkylcarbonyJ group such as 
70 acetyl, etc.). aralkylcarbonyl group (e.g. C7-10 aralkyfcarbonyl group such as benzylcarbonyl, etc.), 

arylcarbonyl group (i.e Ce-io aryl-carbonyl group such as benzoyl, etc.), a lower alkyloxycarbonyl group. 

(e.g. Ci-4 alkyloxycarbonyl group such as methoxycarbonyl, etc.), aralkyloxycarbonyl group (e.g. C7-io 

aralkyloxycarbonyl group such as benzyloxycarbonyt; etc.). aryloxycarbonyl group (e.g. Ce-10 ary- 

toxycarbonyl group such as phenoxycarbonyl, etc.) and the like. 
75 As the lower alkoxycarbonyl group and the lower alkylcarbamoyl group in R^ and R^ for example, there 

is a group similar to a lower alkoxycarbonyl group and a lower alkylcarbamoyl group as the substituent of 

the phenyl moiety in the arakyi group represented by R^, R*, R^, R^, R* and R'. 

As the optionally substituted hydrocarbon group of R^ and R^, for example, there are an optionally 

substituted lower alkyI group, a lower alkenyl group, a cycloalkyi group, an aralkyi group, an aryl group and 
20 the like. As the optionally substituted lower alkyI group, the lower alkenyl group, aralkyi group and aryl 

group, for example, there is a group similar to those described with respect to the group represented by A'. 

As the cycloalkyi group, for example, there is a cycloalkyi group having 3 to 8 carbon atoms such as 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl. cycloheptyl, cyclooctyl and the like. As the substituent of 

the cycloalkyi group, for example, there are those similar to the substituent of the optionally substituted 
25 lower alkyI group as described in A' and the number thereof is 1 to 5. Examples of the group wherein R^ is 

connected with R®, R*. R9, R^, R' or R^ in A' to form a ring include a group represented by the formula: 



40 wherein Q and R are 2 or 3, repectively. 

The compound of the formula (1) can form, for example, an acid addition salt with an inorganic acid 
such as hydrochloric acid, hydrobromic acid, sulfuric acid, phophoric acid or the like and an organic acid 
such as acetic acid, oxalic acid, methanesulfonic acid, maleic acid, fumaric acid, citric acid, tartaric acid, 
lactic acid or the like. 

45 The compound (1) or a salt thereof may be a solvate and examples of a solvent of the solvate include 
alcohols such as methanol, ethanol, propanol, isopropanol and the like;' ketones such as acetone and the- 
like; ethers such as tetrahydrofuran, dioxane and the like. 

As the preferred embodiment of the compound of the above formula (1) or a salt thereof, for example, 
there is a compound represented by the formula: 



30 




35 




50 
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70 



75 



20 



25 



30 




SCHjCHjN-COjIP^' 
I 

H 



(!• ) 



wherein R^' is a hydrogen or a lower alkyi group; R^* is a hydrogen or an optionally substituted lower alky! 
group; and R*^ is an optionally substituted lower alkyI group, a cycloalkyi group or a lower alkenyl group, or 
a salt thereof. 

In the formula (V), examples of the tower alkyI group represented by ,R*\ the optionally substituted 
lower alkyI group represented by R*^', and lower aikyi group and lower alkenyl group represented R"^* include 
those described with respect to the groups represented by R®, R'. R^. R^. R' and R^ Examples of the 
optionally substituted lower alkyI group represented by R*^" include those described in the above R**. R*^ is 
preferably Ci -s alkyI or Ci -& alkenyl. 

The compound (1) may contain an assymetric carbon in the molecule. When stereoisomers of R-and S- 
configurations are present, not only these isomers, but also a mixture th.ereof are included in the scope of 
the present invention. 

lmida2o[1 ,2-a]pyridine derivatives (1) of the present invention or a salt thereof can be synthesized, for 
example, according to the following method. 
(A) A compound of the formula: 




(2) 



35 



wherein X' is a halogen such as chloro, bromo, iodo or the like and R^ and R^ are as defined above is 
reacted with a compound of the formula: 



(3) 



40 wherein A*, R^ and R** are as defined above, or a salt thereof. 
(B) A compound of the formula: 



45 




(4) 



50 wherein R® and R** are as defined above or a salt thereof is reacted with a compound of the formula: 



X^-A' -N-COnR*^ (5) 

55 ^ 

wherein A\ R^ and R*^ are as defined above. X^ is a leaving group such as halogen (e.g. chloro, bromo, 
iodo, etc.). an arylsulfonyloxy group such as toluenesulfonyloxy group or an alkylsulfonyloxy group such 
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as methanesulfonyloxy group, or a salt thereof. 
(C) A compound of the formula: 



10 




(6) 



75 



20 



25 



30 



35 



wherein A', R^, and R*^ are as defined above, or a salt thereof is reacted with a compound of the 
formula: 

X'-COsR^ (7) 

wherein R** and X' are as defined above. 
(D) A compound of the formula: 




(8) 



wherein A'. R^, R*" and R^ are as defined above, or a salt thereof is reacted with a compound of the 
formula: 

X^R^ (9) 

wherein X' is as defined above and R*=' is an optionally substituted hydrocarbon group. 
(E) A compound of the formula: 



40 



45 



50 




(10) 



S-A-NCO 



wherein A', R^ and R^ are as defined above is reacted with a compound of the formula: 
R*^OH (11) 

wherein R*^ is as defined above. 
(F) A compound of the formula: 



55 
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(12) 



10 



75 



wherein is a leaving group, such as halogen (e.g. chloro. etc.). phenoxy group, imidazolyl and the like 
and A', R^. R*^ and R*^ are as defined above, or a salt thereof is reacted with a compound of the formula: 

R^OH (11) 

wherein R** is as defined above. 
(G) A compound of the formula; 



20 



25 




(la) 



S-A-N-COzR^ 
I 



wherein A\ R®, R*= and R*^ are as defined above, or a salt thereof is reacted with a halogenating agent to 
30 obtain a compound of the formula: 



35 



40 




(lb) 



S-A'-N-COjR^ 
I 



wherein A\ R^, R*^ and R*^ are as defined above and X' is halogen, or a salt thereof. 

(H) A compound of the formula (1a) or a salt thereof is nitrosated to obtain a compound of the formula: 



45 



50 




NO2 

S-A-N-COjR^ 



(Ic) 



55 wherein A\ R^, R*= and R** are as defined above, or a salt. 

(I) A compound of the formula (la) is nitrosated to obtain a compound of the formula: 
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10 




NO , 
S--A-N-C02R^ 

wherein A'. R^, and R^ are as defined above, or a salt thereof. 

(J) A compound of the formula (1c) or (Id), or a salt thereof is reduced to obtain a compound of the 
formula: 



75 



20 



S-A-N-COzR^ 
I 



(le) 



25 wherein A', R^, R'= and R"* are as defined above, or a salt thereof, or the compound (le) or a salt thereof 
is further reacted with a compound (7) or a compound X'COR" (wherein X' and R" are as defined above) 
to obtain a compound of the formula: 



30 



35 




S-A'-N-COzR*^ 
I 

R'^ 



(If) 



wherein R*" is -COzR"* or -COR'' and A, R^, R' and R"* are as defined above, or a salt thereof. 
<o (K) According to the following scheme, the compound (1g) or a salt thereof is obtained. 




I 



50 R^ 

( ig) 

wherein R^^ is a lower dialkylamino group or a cyclic amino group and A\ R^. R*= and R** are as defined 
55 above. 

The reaction of the compound (2) or a salt thereof with the compound (3) In the process A con be 
conducted at -10 C to +200'C in a solvent in the presence of a basic compound such as sodium 
hydroxide, potassium hydroxide, sodium hydride, potassium carbonate and the like by using 1 equivalent to 
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excess amount (but not interfereing with the reaction) of the compound (3) per 1 equivalent of the 
compound (2) or a salt thereof. Examples of the solvent to be used include water; lower alcohols such as 
methanol, ethanol. propanol and the like; ketones such as acetone, methyl ethyl ketone and the like; ethers 
such as tetrahydrofuran and the like; aprotic polar solvents such as N,N-dimethylformamide. dimethylsulfox- 
5 ide and the like. The reaction time is normally l hour to 2 days, preferably 1 to 8 hours. 

The reaction of the compound (4) or a salt thereof with the compound (5) in the process B is conducted 
under conditions simitar to those of the reaction of the compound (2) with the compound (3) in the process 
A. 

The reaction of the compound (6) or a salt thereof with the compound (7) in the process C is conducted 
10 in a solvent at -30 C to +200"C in the presence of an inorganic base such as portassium carbonate, 
sodium bicarbonate or the like or an organic base such as triethylamine, pyridine, dimethylaniiin, 1,4- 
a2abicyclo[2.2-2]octane (DABCO) or the like by using 1 equivalent to extremely excess amount of the 
compound (7) based on the compound (6) or a salt thereof. Examples of the solvent to be used include 
water: lower alcohols such as methanol, ethanol, propanol and the like; ketones such as acetone, methyl 
75 ethyl ketone and the like; ethers such as tetrahydrofuran and the like; aprotic polar solvents such as N.N- 
dimethylformamide, dimethylsulfoxide and the like. The reaction time is normally 10 minutes to 24 hours, 
preferably 30 minutes to 6 hours. 

The reaction of the compound (8) or a salt thereof with the compound (9) in the process D can be 
conducted in a solvent at -30 to +20'C in the presence of a base such as potassium hydride, sodium 
20 hydride, sodium amide and the like by using 1 equivalent to extremely excess amount of the compound (9) 
based on the compound (8) or a salt thereof. Examples of the solvent to be used include ethers such as 
diethyl ether, tetrahydrofuran. dimethoxyethane and the like; aprotic polar solvents such as N,N-dimethylfor- 
mamide, dimethylsulfoxide and the like. The reaction time is normally 30 minutes to 24 hours, preferably 30 
minutes to 6 hours. 

25 The reaction of the compound (10) with the compound (11) in the process E can be conducted at -10 to 
+ 150 C in the absence or presence of a solvent by using 1 equivalent to extremely excess amount of the 
compound (11) based on the compound (10). Examples of the solvent to be used include ethers such as 
diethyl ether, tetrahydrofuran, dimethoxyethane and the like; halogenated hydrocarbons such as methylene 
chloride, chloroform, dichloroethane and the like; aprotic polar solvents such as N,N-dimethylformamide. 

30 dimethylsulfoxide and the like. In order to promote the reaction, a tertiary amine such as triethylamine, 
pyridine, dimethylaminopyridine, N-methyipiperidine or the like, or boron trifluoride ether (BF3*Et20) can be 
added. The reaction time is normally 30 minutes to 24 hours, preferably 30 minute to 6 hours. 

The reaction of the compound (12) or a salt thereof with the compound (11) in the process F can be 
conducted at -30* C to +200* C in the absence or presence of a solvent by using 1 equivalent to extremely 

35 excess amount of the compound (11) based on the compound (12) or a salt thereof. Examples of the 
solvent to be used include ethers such as diethyl ether, tetrahydrofuran, dimethoxyethane and the like; 
halogenated hydrocarbons such as methylene chloride, chloroform, dichloroethane and the like; aprotic 
polar solvents such as N.N-dimethylformamide, dimethylsulfoxide and the like. In order to promote the 
reaction, a tertiary amines such as triethylamine, pyridine, dimethylaminopyridine, N-methylpiperidine or the 

40 like may be added. The reaction time is normally 30 minutes to 24 hours, preferably 30 minutes to 6 hours. 

The reaction of the compound (la) or a salt thereof with the halogenating agent in the process G can be 
conducted at -20 to +150'C in the absence or presence of a solvent by using 1 equivalent to extremely 
excess amount of the halogenating agent based on the compound (1 a) or a salt thereof. Examples of the 
solvent to be used include halogenated hydrocarbons such as methylene chloride, chloroform, dich- 

45 loroethane. carbon tetrachloride and the like, acetic acid, propionic acid and the like. Examples of the 
hydrogenating agent include halogen molecules such as chlorine, bromine and the like: and N-halogenated 
succinimides such as N-chlorosuccinimide. N-bromosuccinimide, N-iodosuccinimide and the like. Further, 
upon reaction, a radical reaction initiator such as benzoyl peroxide or the like may be added. The reaction 
time is normally 30 minutes to 12 hours, preferably 1 to 12 hours. 

50 The nitration of the compound (1a) or a salt thereof in the process H can be conducted at -20 to 
+ 100 C in the absence or presence of a solvent by using 1 equivalent to extremely excess amount of a 
nitrating agent based on the compound (la) or a salt thereof. Examples of the solvent to be used include ' 
acetic acid, acetic anhydride, sulfuric acid and the like. As the nitrating agent, for example, there is fuming 
nitric acid, cone, nitric acid, mixed acid (nitric acid with sulfuric acid, phosphoric acid or acetic anhydride) 

55 and the like. The reaction tinne is normally 30 minutes to 1 day, preferably 30 minutes to 6 hours. 

The nitrosation of the compound (la) or a salt thereof in the process I can be conducted at -20 to 
+ 100 C in the absence or presence of a solvent by using 1 equivalent to extremely excess amount of a 
nitrosating agent based on the compound (la) or a salt thereof- Examples of the solvent to be used include 
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water: lower fatty acids such as acetic acid, propionic acid and the like; ethers such as tetrahydrofuran. 

dioxane and the like; aprotic polar solvents such as N.N-dimethylformamide, dimethylsulfoxide and the like. 

As the nitrosating agent, for exannple. there are potassium nitrite, sodium nitrite and the like. The above 

reaction is conducted in the presence of an acid such as hydrochloric acid, sulfuric acid, phophoric acid, 
5 acetic acid or the like. The reaction time is normally 30 minutes to 1 day, preferably 30 minutes to 6 hours. 

The reduction of the compound (lc) or (Id) or a salt thereof in the process J can be conducted at -20 

to +200*C in the presence of a solvent by using 1 equivalent to extremely excess amount of a reducing 

agent based on the compound (lc) or (id). Examples of the solvent to be used include water, methanol, 

ethanol, propanol, acetic acid and the like. As the reducing agent, for example, there is a mixture of iron and 
70 hydrochloric acid, zinc and acetic acid and the like. Further, the reaction can also be conducted at -20 to 

+ 200'C in the presence of a solvent under atmospheric pressure of hydrogen by using a hydrogenation 

catalyst such as palladium black, palladium on carbon, raney-nicket or the like. The reaction time is 

normally 30 minutes to 2 days, preferably 1 to 12 hours. 

Further, the reaction of the compound (le) or a salt thereof with the compound (7). or the reaction of the 
75 compound (1e) or a salt thereof with X'COR* is conducted under conditions similar to those of the reaction 

of the compound (6) or a salt thereof with the compound (7) in the process C. 

The Mannich reaction of the compound (la) or a salt thereof with a lower dialkylamine and formalin, or 

cyclic amine and formal in in the process K can be conducted at -20 to + lO' C in the presence of a solvent 

by using 1 equivalent to extremely excess amount of a Mannich reagent based on the compound (1a) or a 
20 salt thereof. Examples of the solvent to be used include water; lower alcohols such as methanol, ethanol, 

propanol, isopropanol and the Hke; lower fatty acids such as acetic acid, propionic acid and the like. The 

reaction time is normally 30 minutes to 1 day, preferably 1 to 12 hours. 

In the above processes A to K, the compound which forms a salt may, be used in the form of a salt and 

examples of such a salt include those described in the salt of the compound (1). 
25 In the starting material used in the processes A to K, for example, the compound (2) can be obtained by 

the following process. 



0 

II , 



35 




( 13 ) 

40 

The reaction of the compound (13) with the compound (14) can be conducted at 0 to +200*C in the 
absence or presence of a solvent by using 1 equivalent to extremely excess amount of the compound (14) 
based on the compound (13). Examples of the solvent to be used include water; lower alcohols such as 
methanol, ethanol, propanol and the like; ethers such as tetrahydrofuran, dimethoxyethane, dioxane and the 

45 like; nitriles such as acetonitrile, propionitrile and the like; aprotic polar solvents such as N.N-dimethylfor- 
mamide, dimethylsulfoxide and the like. Further, on the above reaction, an inorganic base such as 
potassium carbonate, sodium bicarbonate or the like, or an organic base such as triethylamine. pyridine. 
dimethylaniMn or the like may be added as an acid-trapping agent. The reaction time is normally 10 minutes 
to 7 days, preferably 1 hour to 2 days. 

50 The compound (4) can be obtained, for example, by the following processes. 
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(i) 



YSH 

(2) > 




10 



wherein Y is sodium or potassium and and are as defined above 



;5 



20 



Cii) 




(id ) 



^ (4) 



25 



30 



35 



(iii) 




(16 ) 

removal of 
protecting group 
> 



( 14 ). 



(4) 




40 wherein T is a protecting group such as p-nriethoxybenzyl, benzyl or the like and R^ and R*^ are as defined 
above. 

The reaction of the compound (2) with YSH is conducted under conditions similar to those of the 
reaction of the compound (2) with the compound (3). 

The reaction of the compound (15) with the compound (14) is conducted under conditions similar to 
45 those of the above reaction of the compound (13) with the compound (14). 

The reaction of the compound (16) with the the compound (14) is conducted under conditions similar to 
those of the reaction of the compound (13) with the compound (14). 

The compound (6) can be obtained, for example, by the following processes. 



50 



55 
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( i ) 



(2 ) 



BS- A'- 

( 18 ) . 




(6 ) 



wherein A', R^. R*^. R"" and R"* are as defined above. 



75 



(ii) 



20 



(2 ) 



HS-A-N(^c 
( 19 ) 



25 



30 



9^ 

S-A'-.<Jc 
( 20 ) 



rennoval of 
protecting group 

> (6) 



35 wherein T' is an amino protecting group such as benzyioxycarbonyl. tert-butoxycarbonyl, trifluoroacetyl, 
trityl, benzyl or the like; and A", R^, R'' and are as defined above. 



(iii) 



40 



X- A- N^jjc 



(4) 



( 21 ) 



^ ( 20 ) 



45 



renoval of 
protecting group 

> 



(6) 



50 



wherein A\ P and R^ are as defined above, but further including that -NT^R^ is phthalimide. 
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(iv) 



HS-A-OH 

. (22 ) 
(2 ) > 



w 




conversion of OH 
1) into 



" 2) R'^NHj 

( 24 ) 



(6 ) 



20 wherein A', R^, R*', R^, R^ and are as defined above. 



(v) 



25 



(4) 



X'-A'-NH 

( 25 ) 



(6) 



30 



wherein and R*^ are as defined above. 



(vi) 



35 



40 




( 14 ) 



( 20.) 



( 26 .) 



45 



removal of 
protecting group 
> 



(6) 



wherein A', R*= and are,as defined above, but further including that -NT^R*= is phthalimide, 
50 The reaction of the compound (2) with the compound (18). the reaction of the compound (2) with the 
compound (19), the reaction of the compound (4) with the compound (21), the reaction of the compound (2) 
with the compoound (22) and the reaction of the compound (4) with the compound (25) are conducted 
under conditions similar to those of the reaction of the compound (2) with the compound (3) in the above 
* process A. 

55 When X' is halogen, the conversion of the hydroxy! group of the compound (22) into X' is conducted by 
treating the compound (23) with phosphorous halide such as phosphorous trichloride, phosphorous oxych- 
loride. phosphorous pentachloride. phosphorous tribromide and the like; a halogenating agent such as red 
phosphorous and halogen, thionyl chloride and the like. When X^ is toluenesutfonyloxy group or 
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70 



methanesulfonyloxy group, it can be obtained by treating the compound (23) with toluenesulfonyl chloride or 
methanesulfonyl chloride. The subsequent reaction with the compound (24) is conducted at 0 to 200 *C in 
the absence or presence of a suitable solvent. All of these reactions are known and they can be conducted 
according to known conditions. 

The reaction of the compound (26) with the compound (14) is conducted under conditions similar to 
those of the above reaction of the compound (13) with the compound (14). 

The compound (10) is obtained, for example, by the following processes. 

(i) The compound (27) is reacted with phosgene and the reaction mixture is heated to conduct 
dehydrochlorination. 

(ii) The compound (28) is reacted with silver cyanate. 

All of these reactions are also known and they can be conducted according to known conditions. 



75 



20 



(i) 




( 27 ) 



2) -EU 



25 wherein A', and R'^ are as defined above. 

(ii) 



30 



T 

S-A-X^ 



AgOCN 



-> (10) 



35 



( 28 ) 



wherein A', R^ and R^ are as defined above. 

The compound (12) can.be obtained, for example, by the following processes. 
40 (i) When is CI. the compound (6) is reacted with phosgene. 

(ii) When is phenoxy, the compound (6) is reacted with phenyl chlorocarbonate. 

(iii) When is imidazolyl, the compound (6) is reacted with carbonyldiimidazole. 

All of these reactions are known and they can be conducted according to known conditions. 

AM of the reactions for removing the above protecting group are known and they can be conducted 
45 according to known conditions. For example, p-methoxybenzyl group as a protecting group of a mercapto 
group can be removed by treating with mercuric acetate in trifluoroacettc acid and treating with hydrogen 
sulfide or 2-mercaptoethanol. Benzyl group can be removed by sodium metal in liquid ammonia. 

For example, benzyloxycarbonyl group and benzyl group as protecting groups of amino group can be 
removed by conducting catalytic reduction (reaction temperature: 0 to 100 'C) in a solvent (e.g., alcohols, 
50 acetic acid, water, tetrahydrofuran. a mixed solvent thereof, etc.) in the presence of a catalyst (e.g., 
palladium on carbon, platinum oxide, etc.). 

In the case of trityl group and tert-butoxycarbonyl group, they can be removed at 0 to 150 C in a 
solvent (e.g., water, alcohols, tetrahydrofuran, dioxane, etc.) in the presence of an acid (e.g., mineral acids 
such as hydrochloric acid, phophoric acid, sulfuric acid, etc.; organic acids such as toluenesulfonic acid, 
55 methanesulfonic acid, acetic acid; etc.). Trifluoroacetyl group can be readily removed by treating with an 
alkali (e.g., sodium hydroxide, sodium bicarbonate solution, etc.) 

Phthalimide group can be removed by treating with hydrazine hydrate in a solvent (e.g. methanol, 
ethanol, etc.). 
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The compounds (2), (4), (6), (10) and (12) can be isolated by the following conventional separation 
methods, but they may also be used in the form of a reaction mixture as a starting material for producing 
the desired compound (1) or a salt thereof. Further, among the above compounds, the compounds (3), (5), 
(7). (13). (14), (18), (19), (21), (22). (24) and (25) can be produced, for example, according to the processes 

5 described in Shinzikken Kagaku Koza. Vol.14, "Synthesis and Reaction of Organic compounds l-V", Japan 
Chemical Society, published by Maruzen K.K., Tokyo; Shinzikken Kagaku Koza, VoL15, "Oxidation and 
Reduction l-V", Japan Chemical Society, published by Maruzen K.K., Tokyo; "Organic Syntheses". John 
Wiley and Sons, Inc.. New York; "Theilheimer's Synthetic Methods of Organic Chemistry", Basel, New York, 
Karger and the like or modification thereof. 

10 The isolation and purification of the compound (1) or a salt thereof from a reaction mixture is conducted 
according to conventional separation means (e.g. extraction, concentration, filtration, recrystallization, col- 
umn chromatography, thin layer chromatography, etc.). 

The compounds (1) or a salt thereof of the present invention have angiogenesis inhibitory activity and 
are useful as angiogenesis inhibitors, for example, antineoplastic agents, antiinflammatory agents, anti- 

75 rheumatoid arthritis agents, anti-diabetic retinopathy agents and the like. 

The compound (1) or a salt thereof has low toxicity, and therefore, it can be oralty or parenterally 
administered to mammal (e.g., human, rabbit, dog. cat. rat, mouse, guinea pig. etc.) as it is as a powder or 
a pharmaceutical composition in a suitable dosage form. The dosage varies depending upon a particular 
administration route, conditions to be treated, age, weight of the patient or the like. When the compound (1) 

20 or a salt thereof is used as an antineoplastic, agent, such an agent can be obtained by admixing the 
compound (1) or a salt thereof with a pharmaceutically acceptable carrier. The compound (1) or a salt 
thereof can also be used by formulating It into a suitable dosage form such as instillations, injections, 
capsules, tablets, suppositories, solutions, emulsions, suspensions and other suitable dosage forms. 

When a dosage form for parenterally administration, for example, injection is produced, isotonicities 

25 (e.g., glucose. D-sorbitol, D-mannitol, sodium chloride, etc.), preservatives (e.g., benzyl alcohol, 
chlorobutanol, methyl parahydroxybenzoate, propyl parahydroxybenzoate, etc.). anticoagulants (e.g., dextran 
sulfuric acid, heparin, etc.) and buffer agents (e.g., phophoric acid buffer, sodium acetate buffer, etc.) may 
be used. Further, a dosage form for oral administration can be used as capsules wherein the compound (1) 
or a salt thereof is admixed with lactose and the like, or used as sugar-coated tablets produced by a 

30 conventional method. 

For example, in the case of administering the compound (1) or a salt thereof parenterally by injection to 
the diseased part (s.c, i.v. or i.m.), the dosage may be about 0.05 to 50 mg/kg/day, preferably about 0.2 to 
20 mg/kg/day, more preferably about 0.5 to 10 mg/kg/day. In the case of oral administration, the dosage 
may be about 0.1 to 500 mg/kg/day. preferably about 1 to 100 mg/kg/day, more preferably 5 to 50 
35 mg/kg/day. Further, the compound (1) or a salt thereof can be used for topical application. For example, by 
washing a diseased part of the body such as head, breast, abdomen, limb and the like with a solution 
wherein the compound (1) or a salt thereof is dissolved in an isotonic solution in a concentration of about 
0.01 to 2 w/v %, or by applying an ointment containing the compound (1) or. a salt thereof in an amount of 
about 0.1 to 50 rhg/t g to the above diseased part, the compound (1) of a salt thereof can be used for 
40 preventing and treating tumor of these parts. 

As described hereinabove, anangiogenesis inhibitory composition comprising the compound (1) and a 
salt thereof of the present invention have excellent activity and, in view of this activity, they are useful as 
medicines for prevention and treatment of tumor, rheumatoid arthritis and the like of human and mammal. 

The following Reference Examples, Examples, Preparations and Experiments further illustrate this 
45 aspect of the present invention in detail but are not to be construed to limit the scope thereof. In the 
Reference Examples, Examples and Preparations, "room temperature" is 15 to 25*0. 

Reference Example 1' 

50 (1) Synthesis of 5-[2-(methylsulfonyloxy)ethylthio]imidazo[1 .2-a] pyridine 

To a solution of 5-(2-hydroxy)ethylthioimidazo[1 .2-a]pyridine (9.71 g, 50 mmoles) and triethylamine 
(10.5 ml, 75.3 mmoles) in methylene chloride (300 ml) was added methanesulfonyl chloride (4.26 ml, 55 
- mmoles) under ice-cooling with stirring and the mixture was stirred under ice-cooling for 2 hours. The 
55 reaction mixture was washed in turn with aqueous saturated sodium bicarbonate and saturated saline and 
dried over anhydrous magnesium sulfate. Then, the solvent was distilled off to obtain 13.6 g of the desired 
product (quantitative, brown oily product). 

NMR (200MHz. CDCI3) 5: 2.97 (3H, s), 3.28 (2H, t, J = 6.4Hz), 4.35 (2H, t. J = 6.4Hz). 7.08 (1H. dd, J = 7, 
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1.2H2). 7.18 (1H. dd, J = 8-8. 7H2). 7.64 (1H. m). 7.73 (1H. d. J = 1.4H2). 7.91 (1H. m) 
Reference Example 2' 
5 (1) Synthesis of 5-(2-(methylamino)ethylthto]imidazo[1 ,2-a]pyridtne 

A solution of 5-[2-(methylsulfonyloxy)etylthio]innida2o[1 ,2-a]pyridine (2.18 g, 8 mmoles), triethylamine 

(2.24 ml, 16 mmoles) and a 40% methylamine-methanol solution (20 ml) in chloroform (20 ml) was heated 

at reflux for 3 hours. The reaction mixture was washed with 3N NaOH and dried over anhydrous magnesium 
10 sulfate. After the solvent was distilled off, the residue was purified by column chromatography [eluent: 

methanol/chloroform (1:10)] to obtain 781 mg of the desired product (47.1%. light brown oily product). 

NMR (200MH2, CDCI3) 5: 2.31 (1H, br). 2.88 (2H, t. J=6.4H2), 3.16 (2H. t. J = 6.4Hz), 6.94 (1H. dd. J = 7, 

1Hz). 7.15 (IH, dd. J =9. 7H2). 7.58 (IH. dd. J = 9, IH2). 7.69 (1H. d. J = 1 .2Hz) 

IR (KBr) cm-\- 3290. 3105. 2930. 2850. 2790. 1655. 1615. 1530, 1490 
75 According to the same manner as that described in Reference Example 2* (1). the following compound 

was obtained. 

(2) 5-{2-(Ethylamino)ethylthio]imida20[1 .2-a]pyridine 

20 NMR (200MH2, CDCI3) 5: 1.11 (3H, t, J = 7H2), 1.88 (IH. br), 2.70 (2H. m). 2-90 {2H. t. J = 6.2H2), 3.15 (2H. 
t. J = 6.2H2), 6.94 (1H. dd. J = 7, IH2). 7.16 (IH, dd. J = 9, 7Hz). 7.59 (IH, dd. J = 9, 1Hz), 7.70. (IH. d. 
J = 1.2H2). 7.87 (1H, s) 

IR (KBr) cm-^: 3280. 3105. 2965. 2930. 2890. 2820, 1655, 1620. 1530. 1490 

25 Reference Example 3' 

(1) Synthesis of 5-[2-(amino)ethylthio]lmida2o[1 .2-a]pyrtdine 

After a suspension of 5-[2-(amino)ethylthio]imidazo-[1 ,2-a]pyridine dihydrochloride (13.31 g, 50 mmloes) 
30 in chloroform (200 ml) was washed with 3N sodium hydroxide (50 ml), the aqueous layer was extracted with 
chloroform, the combined chloroform layer was dried over anhydrous magnesium sulfate. Then, the solvent 
was distilled off to obtain 9.63 g of the desired product (99.7%, pale yellow oily product). 
NMR (200MH2, CDCI3) 5: 1.67 (2H, br), 2.95 (2H, m). 3.08 (2H. m), 6.95 (IH, d. J = 7Hz). 7.15 (IH. dd. 
J =9.2, 7H2), 7.59 (IH. d. J = 9.2Hz). 7.71 (IH, s), 7.88 (IH, s) 

35 

Reference Example 4' 

Synthesis of 5-[3-(amino)propylthio]imida20[1 .2-a]pyrldine 

40 To a mixed solution of 10% (yv/w) potassium hydroxide (69.3 g, 105 mmoles) and dimethylsuffoxide (50 
ml) was added S-(3-aminopropyl)isothiourea dihydrobromlde (8.85 g. 39 mmoles) and the mixture was 
stirred at room temperature for 1.5 hours. To the reaction mixture was added 5-chloroimida2o[1 ,2-a)pyridine 
(3.05 g, 20 mmoles). followed by stirring at room temperature and additionally at 65*C for 20 hours. Water 
was added to the reaction mixture, which was extracted with chloroform, washed with IN sodium hydroxide 

45 several times and dried over anhydrous magnesium sulfate. Then, the solvent was distilled off to obtain 2.66 
g of the desired product (64.3%, pale yellow oily product). 

NMR (200MH2, CDCI3) 5: 1.29 (2H, br). 1.80 (2H. m), 2.85 (2H. t, J = 6.8H2), 3.08 (2H, t, J = 7.2Hz). 6.91 (IH. 
dd, J = 7. 1Hz), 7.16 (IH. dd. J = 9. 7H2), 7.58 (IH. d. J = 9. 1Hz). 7.71 (IH. d, J = 1.2Hz). 7.85 (IH, d, 
J = 1.2H2) 

50 

Example V 

(1) Synthesis of 5-[2-(methoxycarbonylamino)ethylthio]imidazo[1 .2-a]pyridine (Compound 1') 

55 To a solution of 5-[2-(amino)ethylthio]imidazo[1 ,2 ajpyridine (1.93 g, 10 mmoles) and triethylamine (1.53 
ml, 11 mmoles) in methylene chloride (30 ml) was added methyl chloroformate (0.77 ml, 10 mmoles) under 
ice-cooling with stirring and the mixture was stirred at room temperature for 20 minutes. The reaction 
mixture was washed in turn with aqueous sodium bicarbonate and water and dried over anhydrous 
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magnesium sulfate. After the solvent .was distilled off, the residue was purified by. column chromatography 
(eluent: ethanol/ethylacetate (1:10)] to obtain 1.68 g of the desired product (66.9%. colorless crystals). 
I^elting point: 198-200.0* C 



5 


Elemental analysis for Ci i Hi 3N3O2S, 




Calcd.: 


C. 52.57; 


H. 5.21; 


N, 16.72 




Found : 


C, 52.68; 


H. 5.22; 


N. 16.60 



NMR (200MHz. CDCI3) 5: 3.12 (2H, m), 3.40 (2H, m), 3.68 (3H, s), 5.10 (1H, br), 7.00 (1H. d, J = 7Hz),7.16 
(1 H; dd, J = 9. 7Hz), 7.61 (1 H, d. J = 9Hz). 7.72 (1 H. s). 7.87 (1 H. s) 

According to the same manner as that described in Example 1' (1), the following compounds were 
obtained. 



(2) 5-[2-(Ethoxycarbonylamino)ethyithio]imidazo[1,2-a]pyridine (Compound 2') 
Melting point: 68-70* C 



20 


Elemental analysis for C12H15N 


3O2S. 




Calcd.: 


C. 54.32; 


H. 5.70: 


N. 15.84 




Found : 


C. 54.33; 


H, 5.75; 


N, 15.83 



25 

(3) 5-[2-(Propyloxycarbonylamino)ethylthio]imida2G[1,2-a]pyridine (Compound 3') 
Melting point: 62-64* C 



30 


Elemental analysis for C13H17N3O2S, 




Calcd.: 


C. 55.89; 


H. 6.13; 


N. 15.04 




Found : 


C. 55.87; 


H. 6.09; 


- N. 14.96 



NMR (200MHz, CDCI3) 5: 0.92 (3H, t. J = 7.4Hz), 1.62 (2H. m). 3.14 (2H. t, J = 6.6Hz). 3.42 (1H. m). 4.01 (1H, 
t. J = 6.6H2), 5.07 (1H, br), 7.02 (1H, d, J = 7Hz), 7.17 (1H. dd, J = 9, 7Hz). 7.60 (IH, d. J = 9Hz), 7.71 (1H. d, 
J = 1.2Hz). 7.86 (1H. s) 

IB (KBr) cm-^: 3210. 3025. 2965, 1695. 1620, 1545. 1490, 1275 

(4) 5-[2-(Butyloxycarbonylamino)ethylthio]imtdazo[1 ,2-a]pyridine (Compound 4') 

Melting point: 75-76* C 



45 


Elementaf analysis for Ci4Hi9N302S. 




Calcd.: 


C, 57.31: 


H, 6.53; 


N, 14.32 




Found : 


C. 57.32: 


H, 6.55; 


N, 14.23 



50 NMR (200MHz. CDCI3) 5: 0.93 (3H, t, J=7H2), 1.35 (2H, m), 1.58 {2H, m), 3.14 (2H, t. J = 6.4H2). 3.41 (2H. 
m), 4.05 (2H, t. J = 6.6Hz), 5.04 (IH. br), 7.16 (IH, dd. J = 9. 7H2), 7.60 (IH. d. J = 9Hz). 7.71 (IH, d, 1.2Hz). 
7.85 (1H,s) 

IR (KBr) cm-^: 3490, 3210, 2970, 1695. 1615, 1500. 1285 
55 (5) 5-[2-(lsopropyloxycarbonylamino)ethylthio]imidazo[1 ,2-a]pyridine (Compound 5') 
Melting point: 80.0-81 .0 * C 
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Elemental analysis for Ci3Hi7N302S. 


Calcd.: 
Found : 


C. 55.89; 
C, 55.85; 


H, 6.13; 
H, 6.14: 


N, 15-04 
N. 14.96 



5 

NMR (200Hz. CDCI3) 6: 1.22 (6H, d. J = 6.2Hz). 3.14 (2H. t. J = 6-4H2), 3.41 (2H. m). 4.94 (1H. br). 7.02 (1H. 
d. J = 7H2), 7.17 (1H, dd. J = 9. 7H2). 7.61 (1H, d. J = 9. 7H2). 7.71 (1H. d, J = 1.4H2), 7.86 (1H. s) 
IR (KBr) cm-^: 3220. 3025, 2970, 1705. 1630. 1545. 1300. 1240 

(6) 5-t2-(lsobutyloxycarbonylamino)ethylthio]imida2o[1,2-a]pyridine (Compound 6') 

Melting point: 75-76* C 



15 


Elemental analysis for Ci4Hi3N302S, 




Calcd.: 


C. 57.31; 


H. 6-53; 


N. 14.32 




Found : 


C, 57.29; 


H. 6.53; 


N, 14.41 



20 NMR (200Hz. CDCI3) 5: 0.91 (6H, d. J=6.8Hz), 1.89 (1H, m), 3.14 (2H. t, J = 6.4H2), 3.42 (2H. m). 3.84 (2H, 
t, J:=6.6H2), 5.15 (1H. br). 7.01 (1H. dd, J = 7H2). 7.16 (1H. dd, J = 9. 7Hz), 7.59 (1H, d, J = 9Hz). 7.70 (IH. 
d, J = 1.2Hz). 7.85 (IH. s) 

(7) 5-[2-(Allyloxycarbonylamino)ethylthio]imidazo[1,2-a]pyridine (Compound 7') 

25 ■ 

Melting point: 72.5-73.5 'C 





Elemental analysis for C13H15N3O2S, 


30 


Calcd.: 


C, 56.30; 


H, 5.45; 


N. 15.15 




Found : 


C. 56.34; 


H, 5.44; 


N, 15.04 



NMR (200Hz. CDCI3) 5: 3.15 (2H, t. J = 6.4Hz). 3.43 (2H, m). 4.56 (2H. m). 5.07 (IH, br), 5.18-5.36 (2H. m), 
5.90 (IH. m), 7.02 (IH, d. J = 7H2). 7.17 <1H, dd, J = 9, 7Hz), 7.61 (IH, d, J = 9Hz), 7.72 (IH, d, J = 1.4H2), 
7.86 (IH.m) 

IR (KBr) cm-^: 3205, 3020. 1700. 1625, 1570, 1490, 1270 

(8) 5-[2-[2.2,2-(Trichloro)ethoxycarbonylamino]ethylthio]imidazo[1,2-a]pyridine (Compound 8*) 
Melting point: 1 1 3.0-1 1 4.0 ' C 



Elemental analysis for C12H12N3O2SCI3, 


Calcd.: 
Found : 


C. 39.10; 
C, 39.23; 


H, 3.28; 
H, 3.27; 


N, 11.4 
N. 11.25 



NMR (200H2. CDCt3) 6: 3.17 (2H, t, J = 6-4Hz), 3.48 (2H, m). 4.73 (2H, s), 5.52 (1H, br), 7.03 (IH. d. 
J = 7H2). 7.17 (IH, dd. J = 9. 7H2), 7.62 (IH. d, J = 9H2), 7.71 (IH, d, J= 1.2H2), 7,87 (IH. m) 
50 IR (KBr) cm-^: 3195, 2975. 1725, 1615. 1545, 1485. 1260. 1210 

(9) 5-(2-(Benzyloxycarbonylamino)ethylthio]imidazo[1,2-a]pyrtdine (Compound 9') 

Melting point: 52.0-53.0* C 

55 
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Elemental analysis for C17HWN3O2.S, 


Calcd.: 
Found : 


C, 62.36: 
C. 62.34: 


H, 5.23: 
H. 5.22: 


N, 12.83 
N. 12.75 



NMR (200H2, CDCI3) 5: 3.14 (2H, t, J = 6.4H2). 3.43 (2H, m). 5.09 (2H, s). 5.17 (1H, br). 6.99 (1H. d. 
J = 6.8Hz). 7.13 (1H, dd. J =9.2. 6.8Hz). 7.35 (5H. s)..7.59 (IH. d. J = 9.2H2). 7.69 (1H. s). 7.84 (1H. s) 

(10) 5-[2-[(9-Fluorenyl)methyloxycarbonylamino]elhylthio]imida2o[l .2-a]pyridine (Compound 10*) 

Melting point: 105.0-108.0* C 





Elemental analysis for C24H2'. N3O2S*0.4H2O, 


75 


Calcd.: 


C, 69.07; 


5.05; 


N. 9.67 




Found : 


C, 69.14; 


H, 5.23; 


N, 9.96 



NMR (200MHz. CDCI3) 5: 3.13 (2H, t. J = 6H2), 3.42 (2H, m), 4.21 (1H, t. J = 6.6Hz). 4.43 (2H, d, J = 6.6Hz). 
20 5.17 (IH. br), 7.01 (IH, d, J = 7.4Hz), 7:15 (IH. dd, J = 8.6, 7.4Hz). 7.29-7.46 (4H. m), 7.53-7.65 (3H, m). 
7.60-7.87 (4H, m) 

IB (KBr) cm-^: 3205, 3020, 1710, 1625. 1550. 1485, 1450. 1270 

(11) 5-[2-(Phenoxycarbonylamino)ethylthto]imidazo[l,2-a]pyridine (Compound 11') 

25 

Melting point: 96.0-97.0* C 





Elemental analysis for C16H15N3O2S. 


30 


Calcd.: 


C, 61.32; 


H, 4.82; 


N, 13.41 




Found : 


C, 61.35; 


H. 4.86; 


N. 13.30 



IR (KBr) cm-^: 3200. 3005, 1725. 1615, 1555, 1485, 1270, 1210 

(12) 5-[2-(N-Methyl-N-isopropyIoxycarbonyIamino)ethythio]imidazo[l,2-a]pyridine (Compound 12*) 

NMR (200MHz. CDCI3) 5: 1.02-1.35 (6H, m), 2.91 (3H. s). 3.05-3.26 (2H. m). 3.38-3.60 (2H. m). 4.89 (IH. m), 
7.01 (IH. br). 7.18 (IH. dd. d = 9. 7Hz), 7.60 (IH. d. J = 9Hz). 7.71 (IH. s). 7.84 (IH. s) 
IR (KBr) cm-^: 3220, 3025. 2970, 1705. 1630. 1545 

(13) 5-t2-(N-Ethyl-N-isopropyloxycarbonylamino)ethylthio]imida2o[1 ,2-a]pyridine (Compound 13') 

NMR (200MHz. CDCI3) 5: 0.95-1.35 (9H. m). 3.02-3.68 (6H. m). 4.90 (IH, m). 7.04 (IH. m). 7.19 (IH, dd, 
J = 9. 7Hz). 7.60 (1 H. d, J = 9Hz), 7.72 (1 H. s), 7.83 (1 H, s) 
IR (KBr) cm-^: 3220, 3025. 2970. 1705, 1630. 1545 

(14) 5-[3-(Methoxycarbonylamino)propylthio]lmida2o[l ,2-a]pyridine (Compound 14*) 
Melting point: 69.0-70.0 'C 





Elemental analysis for Ci2Hi5N302S, 




Calcd.: 


C. 54.32: 


H, 5.70: 


N. 15.84 


55 


Found : 


C. 54.48; 


H, 5.74; 


N. 15.72 



NMR (200MH2, CDCI3) 6: 1.85 (2H, m), 3.02 (2H. t, J = 7Hz). 3.32 (2H. m), 3.67 (3H, s), 4.85 (IH, br), 6.91 
(IH. dd, J = 7. 1.2Hz). 7.15 (IH, dd. J = 9, 7Hz), 7.58 (IH, d. J = 9Hz). 7.70 (IH, d, J = 1.2H2). 7.84 (IH. s) 
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(15) 5-[3-(isopropyloxycarbonylannino)propyIthio]imidazo[l,2-a]pyridine (Compound 15*) 

NMR (200MH2. CDCI3) 5: 1-22 (6H, d. J = 6.2Hz), 1.85 (2H. m). 3.03 (2H. m), 3.31 (2H. m). 4.82 (1H. br). 
4,90 (1H. heptet. J = 6.2H2), 6.90 (1H. dd. J = 7. 1Hz). 7.15 (1H. dd. J = 9. 7H2). 7.57 (1H. m). 7.69 (1H. d. 
5 J = 1.4Hz). 7.84 (1H. m) 

IR (KBr) cm-^: 3210. 3025. 2965. 1695. 1620, 1545. 1490. 1275 

(16) 5-[1-(tert-Butoxycarbonyl)-4-piperidylthio]innidazo[1.2-a]pyridine (Compound 16*) 

70 NMR (200MH2. CDCI3) 5: 1.45 (9H. s), 1.50-1.98 (4H. m). 2.90 (2H, m). 3.36 (1H, m). 3.98 (2H. m). 7.03 (1H. 
dd; J = 7. 1.2Hz), 7.15 (1H, dd. J = 9. 7Hz). 7.64 (1H. m). 7.70 (1H. d. J = 1.2Hz), 7.96 (1H, m) 

(17) 5-[1-(lsopropyloxycarbonyl)-4-piperidy!thio]imidazo[1 ,2-a]pyridine (Compound 17') 

75 NMR (200MHz. CDCI3) 6: 1.23 (6H. d, J = 6.2H2). 1.50-1.98 (4H. m), 2.94 (2H, m), 3.37 (1H. m). 4.03 (2H. 
m). 4.91 (1H, heptet, J = 6.2Hz). 7.03 (1H. dd, J = 7. I.2H2). 7.16 (1H, dd, J = 9, 7Hz). 7.65 (1H. d. J = 9Hz). 
7.71 (1 H. d.' J = 1 .2Hz). 7.97 (1 H. s) 

Example 2' 

20 ' 

(1) Synthesis of 3-bromo-5-[2-(isopropyloxycarbonylaminojethylthio]imidazo[l .2-a]pyridine (Compound 18') 

To a solution of 5-[2-(isopropyloxycarbonylamino)ethylthio]imidazo[1 ,2-a]pyridine (279 mg, 1 mmole) in 
chloroform (5 ml) was added N-bromosuccinimide (187 ml. 1.05 mmoles) and the mixture was stirred at 
25 room temperature for 1 hour. The reaction solution was washed with water and dried over anhydrous 
magnesium sulfate. After the solvent was distilled off, the residue was purified by column chromatography 
(eluent: ethyl acetate) to obtain 296 mg of the desired product (82.7%, colorless solid). 
Melting point: 103.0-104.0' C 



30 


Elemental analysis for CiaHieNaOaSBr, 




Calcd.: 


C, 43.58; 


H. 4.50; 


N. 11.73 




Found : 


C. 43.60: 


H. 4.53;' 


N, 11.74 



^ NMR (200MH2. CDCI3) 5: 1.22 (6H, d. J = 6.2Hz). 3.11 (2H. t. J = 6.6Hz), 3.42 (2H. m), 4.90 (1H, heptet, 
J = 6.2Hz). 4.96 (1H. br). 7.00 (IH, dd. J = 7. 1.2Hz), 7.14 (1H, dd. J = 8.8. 7Hz), 7.57 (1H, dd, J = 8.8, 1.2Hz), 
7.59 (1H,s) 

According to the same manner as that described in Example 2' (1), the following compound was 
obtained. 

40 

(2) 3-Chloro-5-[2-(isopropyloxycarbonylamino)ethy!thio]imidazo[1,2-a]pyridine (Compound 19') 
Melting point: 1 1 3.0-1 14.0* C 



Elemental analysis for Ci 3Hi6N3O2SCI*0.2H2O, 


Calcd.: 
Found : 


C. 49,19: 
C. 49.38: 


H. 5.21; 
H. 5.26; 


N, 13.24 
N, 13.22 



50 

NMR (200Hz, CDCI3) 5: 1.22 (6H, d, J = 6.4Hz). 3.12 (2H, t, J = 6.4H2). 3.43 (2H. m), 4.90 (IH. heptet, 

J = 6.4Hz). 4.96 (IH, br), 6.99 (IH, dd, J = 7.2, 1.2Hz), 7.10 (IH, dd, J = 8.8. 7.2Hz). 7.53 (IH. dd, J = 8.8, 
1.2Hz). 7.54 (1H, s) 

55 Example 3* 

(1 ) Synthesis of 5-[2-(isopropyloxycarbonylamino)ethylthio]-3-morpholinomethylimidazo[1 ,2-a]pyridine 
(Compound 20') 
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To a solution of an aqueous 37% formalin solution (210 mg, 2.59 nnmoles) in ace.tic acid (2 ml) was 
added morpholine (226 ul, 2.59 mmoles) under ice-cooling and the mixture was stirred at room temperature 
for 45 minutes. 5-(2-(isopropyIoxycarbonylamlno)ethylthio]imida2o[1 ,2-a]pyridine (651 mg, 2.33 mmoles) 
was added, followed by stirring at 60 *C for 2 hours. After the solvent was distilled off. the residue was 
5 diluted with chloroform, washed in turn with aqueous IN NaOH and saturated saline, and then dried over 
anhydrous magnesium sulfate. After the solvent was distilled off, the residue was purified by column 
chromatography [etuent: ethanol/ethyl acetate = 1:10] to obtain 442 mg of the desired product (50.1%. light 
brown solid). 

NMR (200MHz, CDCI3) 5: 0.96 (6H, d. J = 6.2H2). 2.56 (4H. m). 3.26 (2H. m). 3.36 (2H. m), 3.69 (4H. m). 
70 4.10 (2H. s). 4.59 (1H, heptet, J = 6.2Hz). 6.85 (1H. br), 7.01 (1H. d. J = 5H2). 7.13 (1H. dd. J = 8.6. 6.6H2). 
7.51 (1 H, s). 7.53 (1 H, d, J = 8.6Hz) 

Example 4' 



75 Synthesis of 5-[2-(isopropyloxycarbonylamino)ethylthio]imida2o[1 .2-a]pyridine hydrochloride (Compound 
21') 

A solution of 5-[2-(isopropyloxycarbonylamino)ethyIthio]imtda2o[1"2-a]pyridine (279 mg, 1 mmoles) in 
methanol (10 ml) was treated with hydrogen chloride-methanol. After the solvent was distilled off. the 
20 residue was crystalli2ed from isopropanol-ethyl acetate-methanol. The crystals thus obtained were washed 
with water and dried to obtain 290 mg of the desired product (92.1%, colorless crystals). 
Melting point: 145-150' C 



25 


Elemental analysis for Ci sHi zNaOaS' HCI, 




Calcd.: 


C, 49.44; 


H. 5.74; 


N. 13.30 




Found : 


C. 49.51; 


H, 5.64; 


N, 13.14 



Example 5' 

Synthesis of 5-[4-(isopropyloxycarbonylamino)butylthio]imida2o[1 ,2-a]pyridine (Compound 22') 

To 5-(4-amino)butylthioimidazo[1,2-a]pyridine (370 mg, 1.67 mmoles) and triethylamine (0.35 ml, 2.51 
mmoles) in methylene chloride (20 ml) was added isopropyl chloroformate (0.25 g, 2.04 mmoles) under ice- 
cooling with stirring and the mixture was stirred under ice-cooling for 1 hour. The reaction mixture was 
washed in turn with aqueous saturated sodium bicarbonate and saturated saline, and then dried over 
anhydrous magnesium sulfate. After the solvent was distilled off, the residue was purified by column 
chromatography (eluent: ethyl acetate) to obtain 215 mg of the desired product (41.8%, light tan oily 
product). 

NMR (200MH2, CDCI3) 5: 1.22 (6H, d, J = 6.2H2), 1.54-1.72 (4H, m), 3.02 (2H. m). 3.18 (2H. m). 4.66 (1H, 
br). 4.90 (1H, heptet. J = 6.2H2), 6.90 (1H. dd. J = 7, 1Hz), 7.15 (1H. dd. J =9. 7Hz). 7.58 (1H. d. J = 9Hz), 
7.70 (1H, m). 7.84 (1H, m) 

Preparation 1* 



(1) Compound 5' 


50 g 


(2) Lactose 


100 g 


(3) Com starch 


15 g 


(4) Carboxymethylcellulose calcium 


44 g 


(5) Magnesium stearate 


1 g 


1000 Tablet 


210 g 



All the components (1). (2) and (3) and 30 g of the component (4) were kneaded with water, dried under 
vacuum and granulated. This granulated powder was mixed with 14 g of the component (4) and 1 g of the 
component (5) and the mixture was charged in a tablettng machine to produce 1000 tablets containing 50 
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mg of the component (1) per one tablet. 
Preparation 2* 

5 An ointment was prepared by uniformly kneading the following components. 

Compound 5 ' 
Liquid paraffin 
White petrolatum 
Total amount 



70 



. 0.5 g 

1 g 

sui table amount 
100 g 



15 



Preparation 3" 



20 


(1) Compound 5* 


1 g 




(2) Cacao fat 


I9g 



All the components (1) and (2) were kneaded on a water bath at about 60 C. Then, the mix was 
25 charged in a suppository mold and cooled to produce 10 suppositories, each containing 2 g of the mixture. 

Preparation 4' 



30 



35 



(1) Compound 5' 


lOg 


(2) Lactose 


4.5 g 


(3) Corn starch 


4,5 g 


(4) Magnesium stearate 


. 1 g 


1000 capsules 


20 g 



All the components were thoroughly admixed and the mixture was filled in a suitable gelatin capsule to 
produce 100 capusules containing 100 mg of the component (1) per one capsule. 

40 Preparation 5' 

An injection prepartlon filled in an anripoule was prepared by admixing and dissolving the following 
components. 



45 



50 



per one ampoule 
Compound 21' 50 mg 

Sodium chloride 18 mg 

Distilled water for injection suitaole amount 
Total amount 2 ml 
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Effect of the desired compound on growth of endothelial cells 

This experiment was conducted by using endothelial cells (HUVE cells) obtained from human umbilical 
vein. 2 X 10^ HUVE cells were suspended in a complete medium prepared by adding 2.5% FBS (fetal 
5 bovine serum) to GIT medium (manufactured by Nihon Seiyaku K.K.). Then, the suspension was distributed 
in a 96-welt microtiter plate, which .was cultivated at 37 'C in an atmosphere of 5% carbon dioxide-7% 
oxygen-88 % nitrogen. After 24 hours, human recombinant basic FGF (endotherial cell growth factor) was 
added thereto in the final concentration of 2 ng/ml and a test compound was further added, followed by 
cultivation for 3 days. After cultivation, growth rate of HUVE cells was measured by MTT method [Cancer 
10 Treatment Reports, Vol. 71, page 1141-1149, 1987]. 

The test compounds inhibited growth of human umbilical endothelial cells. 

ICso value (the concentration of the test compound inhibiting growth of endothelial cells by 50%) of the 
test compound was determined from a graph of growth curve of HUVE cells^ The results are shown in Table 

r. 

75 

Table V 



Test compound 


ICso (UM) 


V 


18 


2* 


7 


3* 


27 


5* 


4 


7' 


29 


8* 


12 


10* 


43 


18* 


20 


19* 


6 


21' 


5 



As shown in Table V, the compounds of the present invention have excellent inhibitory activity of 
endothelial cells growth. 

Experiment 2* 

Effect of the desired compound on growth of bovine artery endothelial cells 

This experiment was conducted by using endothelial cells (BAE cells) derived from bovine aorta. 5 x 
10^ BAE cells were suspended in a complete medium prepared by adding 5% FBS (fetal bovine serum) to 
Dulbecco's modified Eagle's minimum essential medium (D-MEM medium). Then, the suspension was 
distributed in a 96-well microtiter plate, which was cultivated at 37* C in an atmosphere of 5% carbon 
dioxide-95% air. After 24 hours, human recombinant basic FGF (endothelial cell growth factor) was added 
thereto in the final concentration of 2 ng/ml and a test compound was further added, followed by cultivation 
for 3 days. After cultivation, growth rate of BAE cells was measured by MTT method [Cancer Treatment 
Reports, Vol. 71. page 1141-1149, 1987]. 

The test compounds inhibited growth of bovine artery endothelial cells. 

ICso value (the concentration of the test compound inhibiting growth of endothelial cells by 50%) of 
Compound V was 48 uM. 

Experiment 3' 

Effect of the desired compound on growth of human umbilical vein endothelial cells by phorbol ester 

This experiment was conducted by using endothelial cells (HUVE cells) obtained from human umbilical 
vein. 2 X 10^ HUVE cells were suspended in a complete medium prepared by adding 2.5% FBS (fetal 
bovine serum) to GIT medium (manufactured by Nihon Seiyaku K.K.). Then, the suspension was distributed 
in a 96-well- microtiter plate, which was cultivated at 37 *C in an atmosphere of 5% carbon dioxide-7% 
oxygen-88% nitrogen. After 24 hours, 12-0-tetradecanoylphorbol iS-acetate (TPA) was added thereto in the 
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final concentration of 1 nM and a test compound was added, followed by cultivation for 3 days. After 
cultivation, growth rate of HUVE cells was measured by MTT method [Cancer Treatment Reports. Vol. 71. 
page 1141-1149. 1987]. 

The test compounds inhibited growth of human umbilical endothelial cells by phorbol ester. 
5 ICbo value (the concentration of the test compond inhibiting growth of endothelial cells by 50%) of 

Compound 1 was 15 uM. 

Experiment 4' 



10 Effect of the desired compound on inhibition of increase in intracellular calcium concentration by phorbol 
ester 

Bovine aorta endothelial cells (BAE ceils) were cultivated on a cover glass loaded with 4 uM Flar 2 
(manufactured by Dojin Kagaku Kenkyusho) and inserted into a quartz cuvette containing 2.5 ml of HEPES 
75 buffer (pH 7.5). 

The quartz cuvette was fixed so that the cover glass was positioned on the diagonal side at angles of 
45* to the incident direction of an excited light. 

Fluormetry was conducted with a spectrophotofluorometer F-4000 (manufactured by Hitachi Seisakusho 
K.K.). Excitation was obtained at 340 nm and 380 nm and fluorescence of 505 nm was recorded. 
20 Fmax was determined by lonomicine (2 uM, manufactured by Carbairochen Co.) which was a calcium 
ionophore and Fmin was determined by EGTA (8 mM) which was a chelating agent of calcium ion. 

Intracellular calcium ion concentration [Ca ]i was calculated by the following formula: 

[Ca*"]i = Kd X (R - Rmin) x Sf2/(Rmax - R) x Sb2 
25 R = {D (Wi) - AutoFi }/{D (W2) - AutoF2} 

wherein D (Wi): a measured value of excited wavelength Wi ; D (W2): a measured value of excited 
wavelength W2; AutoFi; autofluorescence at Wi ; AutoF2: autofluorescence at W2; Rmin: R (Ca* = 0) = 
Fmin (Wi)/Fmin (W2): Rmax: R (saturated Ca** concentration) = Fmax (Wi)/Fmax (W2); Sf2: fluorescence 
30 intensity in a free state at W2; Sb2: fluorescence intensity in Ca bound state at W2. which was obtained 
by correcting the formula of Zehn et al.: 

[Ca**]i = Kd X (F - Fmin)/(Fmax - F) 

35 by taking Kd as 224 nM. 

The experiment was conducted by adding a test compound at various concentrations to a solution in a 
cuvette and incubated for 5 minutes. Then, 12-0-tetradecanoyiphorbol 13-acetate (TPA) of 2 nM in the final 
concentration was added and change of fluorescence intensity was observed. 

It was found that the test compounds inhibited increase in intracellular calcium concentration by phorbol 
40 ester (TPA). 

Change of inhibitory activity due to change of the concentration of Compound V is shown in Table 2'. 

Table 2' 



45 


Effect of Compound 1 ' on inhibition of increase in intracellular 




calcium concentration by phorbol ester 




Concentration of Compond (M) 


Inhibitory activity (%) 


50 


8x10*6 


100 


8 x 10-7 


88 




8 X 10-8 


81 



55 ClainDS 

1. A calmodulin inhibitory composition comprising a compound of the formula (I): 
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5 




X-A-B 

10 wherein X is S, S(0). S(0)2, O or NR^ (wherein is a hydrogen or an optionally substituted 

hydrocarbon group); A is a divalent straight or branched Ci-15 hydrocarbon group which may contain 
an ethereal oxygen at any possible position and may have a substituent at a branched part of the 
hydrocarbon group; B is an acylated amino group or an acylated or etherified hydroxyl group and the 
nitrogen atom of the amino group of B may form a ring together with the carbon atom of A or R^; and 

75 R^ and are the same or different and are a hydrogen, an optionally substituted hydrocarbon group, a 

halogen, a nitro group, a nitroso group, an optionally protected amino group, a lower alkoxycarbonyl 
group or a lower alkylcarbamoyi group, or a pharmaceutically acceptable salt or solvate thereof, and a 
pharmaceutically acceptable carrier, diluent or excipient. 



20 2. A calmodulin inhibitory composition according to claim 1 , wherein 

each optionally substituted hydrocarbon group of R^ and R^ is independently Ci -& alkyi, phenyl- 
Ci -6 alkyI, naphthyl-Ci -s alkyI or C4-24 aryl, which may have 1 to 4 substituents; 

optionally substituted hydrocarbon group of R^ is C1-5 alkyI, phenyl-Ci-e alkyI or naphthyl-Ci -g 
alkyI, which may have 1 to 4 substituents: 
25 A is (a) a group of the formula: 

r4 r6 r8 

III 

-(C)i-(C)^-(C)^- 

I5 I7 I9 

R' R^ 



30 



(wherein I, m and n are integers of 0 to 5. respectively; and each of R*, R^, R^, R', R^ and R^ is 
35 independently (1) hydrogen, or (2) Ci-e alkyI, C2-S alkenyl. phenyl-Ci -ealkyi, naphthyl-Ci -e alkyI 

or C4-24 aryl, which may have 1 to 4 substituents. or R* and R^ or R^ and R^ or R^ and R^ may 
bind to each other to form a ring, or R* or R^ may bind to R^ or R^, respectively, to form a ring), 

(b) a group of the formula: -CH2CH2OCH2CH2- or 

(c) a group of the formula: 



40 



45 



-(CHa)o-<i^ 



(wherein o and p are integers of 0 to 5); 
B is (a) a group of the formula: 



50 

(wherein R^^ is (1) hydrogen, or (2) Ci-30 straight or branched alky I, C3-8 cycloalkyi, saturated bi- 
or tricyclic hydrocarbon group formed by fusing 5 to 8 membered rings, C2-30 alkenyl, phenyI-Ci-& 
alkyl. naphthyl-Ci -s alkyI or C4-24 aryl, which may have 1 to 4 substituents, or (3) a member 
selected from the group consisting of -CO-R'2 -S02R'^ -C0-NR^*R^5 ap^i -CS-NR^^R^^; R" is -CO- 
55 R^^ -CO-OR^^ -S02R^7 -CO-NR'*R'5 -CS-NR^*R^=) or 

(b) a group of the formula: 

-O-R'8 
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10 



15 



20 



25 



30 



35 



40 



45 . 



50 



(wherein R^^ is (1) Ci-30 straight or branched alkyi, C3-8 cycloalkyi, saturated bi- or tricyclic 
hydrocarbon group formed by fusing 5 to 8 membered rings, C2-30 alkenyl. phenyl-Ci -6 alkyl. 
naphthyt-Ci-6 alkyt or C4-24 aryl. which may have 1 to 4 substitUents, or (2) -CO-NR^^R'^ or -CO- 



R^2 Ri* and R^^ are independently (1) hydrogen, or (2) Ci-30 straight or branched alkyl. Ca-s 
cycloalkyl.saturated bi- or tricyclic hydrocarbon group formed by fusing 5 to 8 membered rings. 
C2-30 alkenyl, phenyl-Ci-6 alkyl, naphthyl-Ci -e alkyl or C4-24 aryl, which may have 1 to 4 
substituents; 

R'^, R^^. R^7. R^2 and R'^ are independently Ci-so straight or branched alkyl, C3-S cycloalkyi. 
saturated bi- or tricyclic hydrocarbon group formed by fusing 5 to 8 membered rings. C2-30 alkenyl, 
phenyt-Ci-6 alkyl. naphthyl-Ci -galkyl or aryl. 

R^o and R^ may bind together to form a ring of the formula: 



(wherein q is an integer of 2 or 3; A and R'' are as defined above), or R^° may bind to R'^. R^ or 
to form a ring of the formula: 



(wherein q and r are an integer of 2 or 3, respectively; and R^^ is as defined above), or R^° may bind 
to R^^ to from a ring of the formula: 



wherein 
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70 



75 



20 



25 



30 



35 



40 



45 



R^* and R^^ together with the adjacent nitrogen atom may form 1-aziridinyI, 1-azetidinyi, 
piperidino. perhydro-l-azepinyf, perhydro-l-azocynyl, morpholino, thiomorpholino, 1-piperazinyt, 3- 
thiazolidinyl, 1-indolyl, perhydro-1-indolyl, 2-isoindolyj, perhydro-2-isoindolyl, 1 ,2,3,4-tetrahydro-1 - 
quinolyl, 1 .2,3,4-tetrahydro-2-isoquinolyl, perhydro-1-quinolyl, perhydro-2-isoquinolyl, 3-azabicycIo- 
[3.2.2]non-3-yl, 9-carbozolyl, 10-acridanyl, 



10,11-dihydro-5H-5-dibenz[b,f]azepinyl, 5,6.11,12-tetrahydro-5-dibenz[b,f]azocinyl, 1 ,2,3,4-tetrahydro- 
9-carbazolyl, 10-phenoxadinyl or 1.0-phenothiadinyl; 

said the substitutent of Ci -s alkyl is halogen, nitro. amino, N-mono Ci-e alkylarnino. N,N-di 
Ci -6 alkylamino, 4 to 7 membered cyclic amino, Ci-s aikoxy, Ce-io aryloxy, carbamoyl, cyano, 
hydroxy, carboxy, Ci -salkoxycarbonyl or Ci-s alkylcarbonyl, 

said the substitutent of C1-30 alkyl alkenyl is (1) C3-8 cycloalkyl. (2) phenyl optionally 
substituted with 1 to 4 substituents selected from Ci-s alkyl, C1-6 aikoxy, hydroxy, nitro and 
halogen. (3) naphthyl, (4) halogen, (5) cyano, (6) 0x0 or (7) Ci-e aikoxy; 

said substitutent of C3-8 cycloalkyl or saturated bi- or tricyclichydrocarbon is C1-6 alkyl, 
halogeno Ci-s alkyl, hydroxy Ci-s alkyl. acyloxy Ci-6 alkyl, Ci -6 alkoxy-Ci -& alkyf, Ci -s aikoxy, 
halogeno C1-6 aikoxy, Ci-e alkoxycarbonyl-Ci -e aikoxy. Ci -e alkenyloxy, aralkyloxy, Ci -e alkoxy- 
Ci -e aikoxy, Ci-e alkoxycarbonyl, carboxy, carbamoyl. N.N-di Ci-s alkylcarbamoyi, N-Ci -e alkyt- 
carbamoyl, halogen, cyano, nitro, hydroxy, acyloxy, amino. *Ci-6 alkylsulfonylamino, acyamino, Ci-s 
alkoxycarbonylamino, acyl, mercapto, C1-6 alkylthio, C^-& alkylsulfinyl, Ci-s alkylsulfonyl or 0x0; 

said substituent of pheny-Ci-s alkyl or naphthyl-Ci -& alkyl is halogen, Ci-e alkyl, Ci-s aikoxy, 
nitro, cyano, hydroxy, Ci -s alkoxycarbonyl, carbamoyl or Ci -& alkylcarbamoyi; 

said substituent of C4-24 aryl is halogen, Ci-& alkyl. Ci-s aikoxy, nitro, cyano, 0x0, hydroxy, 
amino, Ci -s alkoxycarbonyl, carbamoyl or Ci -& alkylcarbamoyi; 

the optionally protected amino group of R^ and R^ is amino, acylamino (wherein the acyl group 
is the same as that of R^^) or tritylamino; and 

the lower alkyoxycarbonyl and- lower alkylcarbamoyi of R' and R^ are Ci -& alkoxycarbonyl and 
Ci -6 alkylcarbamoyi, respectively. 

Use of a compound of the formula (I) as defined in claim l or a pharmaceutically acceptable salt or 
solvate thereof in the preparation of a calmodulin inhibitory composition. 

A compound of the formula (1*): 
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wherein X is S, S(0). S(0)2, O or NR^ (wherein is a hydrogen or an optionally substituted 
hydrocarbon group): A is a divalent straight or branched straight or branched Ci-is hydrocarbon group 
which may contain an ethereal oxygen at any possible position and may have a substituent at a 
branched part of the hydrocarbon group; is an amino group acytated by an acyl group derived from 
a carboxylic acid having 2 or more carbon atoms, a sulfonic acid, a carbamic acid or a thiocarbamic 
acid; and R^ and R^ are the same or different and are a hydrogen, an optionally substituted 
hydrocarbon group, a halogen, a nitro group, a nitroso group, an optionally protected amino group, a 
lower alkoxycarbonyl group or a lower alkylcarbamoyi group, or a salt or solvate thereof. 

A compound according to claim 4, wherein 

each optionally substituted hydrocarbon group of R' and R^ is independently Ci-e alkyi, phenyl- 
Ci-s alkyl. naphthyl-Ci -& alkyf or C4-24 aryl, which may have 1 to 4 substituents; 

Optionally substituted hydrocarbon group of R^ is Ci -e alkyl pheny!-Ci -5 alkyl or naphthyl-Ci -5 
alkyl, which may have 1 to 4 substituents; 

A is a group of the formula: 



wherein all the symbols are as defined in claim 2, -CH2CH2OCH2CH2- or a group of the formula: 



(wherein R^°" is (1) hydrogen, or (2) C1-30 straight or branched alkyl, C3-8 cycloalkyl. saturated bi- or 
tricyclic hydrocarbon group iformed by fusing 5 to 8 membered rings. €2-30 alkanyl, phenyl Ci-g alkyl. 
naphthyl Ci-e alkyl or C4-24 aryl, which may have 1 to 4 substituents. or (3) -CO-R^^, -S02R^3, 
-C0NR^*Ri5 and -CS-NR^^R^^. 

said substituent of phenyl-Ci-5 alkyl or naphthyl-Ci -& alkyl is halogen, Ci-s alkyl, Ci-s alkoxy, 
nitro, cyano. hydroxy, Ci-e alkoxycarbonyl, carbamoyl or d -& alkylcarbamoyi; 

said substituent of C4-2* aryl is halogen, Ci -e alkyl. Ci-& alkoxy, nitro, cyano, 0x0, hydroxy, 
amino, Ci-s alkoxycarbonyl, carbamoyl or Ci-6 alkylcarbamoyi; and 

R" is -CO-R^^ -S02R'^ -C0-NR^*R^5 -CS-NR^^R^^); 

wherein R^2^ pi3 ris rib gp^j ri7 qs defined in claim 2 

said the substitutent of Ci-s alkyl is halogen, nitro, amino. N-mono Ci -s alkylamino, N,N-di Ci -& 
alkylamino, 4 to 7 membered cyclic amino, C1-5 alkoxy, Cs-io aryloxy, carbamoyl, cyano, hydroxy, 
carboxy, Ci-& alkoxycarbonyl or Ci-& alkylcarbonyl; 

said substituent of phenyl-Ci-e alkyl or naphthyl-Ci -s alkyl is halogen, Ci-s alkyl, C1-5 alkoxy. 






(wherein o and p are integers of 0 to 5); 
is a group of the formula: 



-NR^or"" 
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. nitro. cyano. hydroxy, Ci -s alkoxycarbonyl. carbamoyl or Ci -s alkylcarbamoyl; 

said substituent of C4-2* aryl is halogen, Ci-s alkyl. Ci-& alkoxy, nitro, cyano, 0x0, hydroxy, 
amino, Ci -e alkoxycarbonyl, carbamoyl or Ci-s alkylcarbamoyi; 

the optionally protected amino group of and is amino, acylamino (wherein the acyl group is 
the same as that of R^^) or tritylamino; and 

the lower alkyoxycarbonyl and lower alkylcarbamoyi of R^ and R^ are C1-5 alkoxycarbonyl and 
- Ci-6 alkylcarbamoyi. respectively. 

>. A compound according to claim 4, wherein is -NH-SOsR^^ (wherein R^' is as defined in claim 2). 

^ A compound according to claim 4, wherein X is S or O, and is -NH-S02R^^ (wherein R^' is as 
defined in claim 2). 

J. A compound according to claim 4 which is 

5-[2-(methylsulfonylamino)ethyithio]imida2o[1 .2-a]pyridine. 

5-[2-(trifluoromethylsulfonylamrno)ethylthio]imida2o[1 ,2-a]pyndlne, 
5-[3-(methylsulfonylamino)propyloxy]imida2o[1 ,2-a]pyridine, 
5-[3-(trifluoromethylsulfonylamino)propyloxy]imida2o[1 ,2-a]pyridine, 
5-[3-(methylsulf6nylamino)propylthio]imtdazo[1 ,2-a]pyridine. or 
5-[3-(trifluoromethylsulfonylamino)propylthto]imida2o[1 .2-a]pyridine. 

I. A calmodulin inhibitory composition comprising a compound of the formula (I') as defined in claim 4 or 
a pharmaceutically acceptable salt or solvate thereof, and a pharmaceutically acceptable carrier, diluent 
or excipient. 

0. Use of a compound of the formula (1*) as defined in claim 4 or a pharmaceutically acceptable salt or 
solvate thereof in the preparation of a calmodulin inhibitory composition. 

1. A compound of the formula (!"): 




X-A-B* 

wherein X is S, S(0), S(0)2. O or NR^ (wherein R^ is hydrogen or an optionally substituted hydrocarbon 
group); A is a divalent straight or branched C1-15 hydrocarbon group which may contain an ethereal 
oxygen at any possible position and may have a substituent at a branched part of the hydrocarbon 
group; B^ is an acylated amino group, and the nitrogen atom of the amino group of B^ connects with 
the carbon atom of A or to form a ring; and R^ and R^ are the same or different and are a hydrogen, 
an optionally substituted hydrocarbon group, a halogen, a nitro group, a nitroso group, an optionally 
protected amino group, a lower alkoxycarbonyl group or a lower alkylcarbamoyi group, or a salt or 
solvate thereof. 

2. A compound according to claim 1 1 , wherein 

each optionally substituted hydrocarbon group of R^ and R^ is independently Ci -s alkyl, phenyl- 
C1-6 alkyl, naphthyl-Ci -6 alkyl or C4-24 aryl, which may have 1 to 4 substituents; 

optionally substituted hydrocarbon group of R^ is Ci-s alkyl, phenyl-Ci -& alkyl or naphthyi-Ci 
alkyl, which may have 1 to 4 substituents; 
A is a group of the formula; 
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10 



15 



20 



25 



r4 rS 

I I I 

-(C)i-(C)^-(C)^- 

I5 I7 lo 
R^ R^ R^ 

wherein all the symbols are defined in claim 2, a group of the formula: -CH2CH2OCH2CH2- or a group 
of the formula: 



/r^ (CHOp- 



(wherein o and p are integers of 0 to 5); 
is a group of the formula: 



-N 

\(CH2)q 



/ ^ ^(CH2)/ , ^(CH2)/ 



(CH2)/ 



30 wherein all the symbols are defined in claim 2 

said the substitutent of Ci-6 alkyi is halogen, nitro, amino, N-mono Ci -s alkylamino, N,N-di Ci-g 
alkylamino, 4 to 7 membered cyclic amino. Ci-e alkoxy, C&-10 aryloxy, carbamoyl, cyano, hydroxy, 
carboxy, Ci -e alkoxycarbonyf or Ci -e alkylcarbonyl; 

said substituent of phenyl-Ci-6 alkyI or naphthyl-Ci -e alkyI is halogen. Ci -e alkyt, Ci-e alkoxy, 
35 nitro, cyano. hydroxy, Ci -& alkoxycarbonyl, carbamoyl or Ci -6 alkylcarbamoyi; 

said substituent of C^^-2* aryl is halogen. Ci-e alkyI, Ci -g alkoxy, nitro. cyano, 0x0, hydroxy, 
amino, Ci -6 alkoxycarbonyl, carbamoyl or C\-^ alkylcarbamoyi; 

the optionally protected amino group of and is amino, acylamino (wherein the acyl group is 
the same as that of R^^) or tritylamino; and 
40 the lower alkyoxycarbonyl and lower alkylcarbamoyi of R^ and R^ is Ci-& alkoxycarbonyl and Ci-s 

alkylcarbamoyi. 

13. A compound according to claim 1 1, wherein X is S or O. 

45 14. A compound according to claim 11 which is 

5-[1 -(methylsulfonyl)-4-piperidy!thio]imida20[1 ,2-a]pyridine, 
5-[1-(trifluoromethyl)-4-piperidylthio]imidazo[1.2-a]pyridine. 

15. A calmodulin inhibitory composition comprising a compound of the formula (1") as defined in claim 11, 
50 or a pharmaceutically acceptable salt or solvate thereof, and a pharmaceutically acceptable carrier, 

diluent or excipient. 

16. Use of a compond of the formula (1") as defined in claim 11 or a pharmaceutically acceptable salt or 
solvate thereof in the preparation of a calmodulin inhibitory composition. 

55 

17. A compound of the formula (I'"): 
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35 



40 



55 




( I ' " ) 



wherein X is S, S(0). S(0)2 or NR^ (wherein is hydrogen or an optionally substituted hydrocarbon 
10 group); A is a divalent straight or branched Ci-is hydrocarbon group which may contain an ethereal 
oxygen at any possible position and may have a substituent at a branched part of the hydrocarbon 
group; R^ and R^ are the same or different and are a hydrogen, an optionally substituted hydrocarbon 
group, a halogen, a nitro group, a nitroso group, an optionally protected amino group, a lower 
alkoxycarbonyl group or a lower alkyi carbamoyl group; and is a hydroxyl group acylated by an acyl 
75 group derived from a carboxylic acid or a N-hydrocarbon substituted carbamic acid, or its salt or 

solvate: 

18. A compound according to claim 17. wherein 

each optionally substituted hydrocarbon group of R^ and R^ is independently Ci -e alkyi. phenyl- 
20 Ci-6 alkyi, naphthyl-Ci -s alkyi or aryl, which may have 1 to 4 substituents; 

optionally substituted hydrocarbon group of R^ is Ci-s aJkyI, phenyl-Ci-e alkyi or naphthyl-Ci -& 
alkyi, which may have 1 to 4 substituents; 
A is a group of the formula: 

r8 

11 I 

-(C)i-(C)^-(C)n- 
r5 r7 r9 

30 

wherein all the symbols are defined in claim 2, a group of the formula: -CHsCHzOCHaCHj- or a group 
of the formula: 



-(CH,)o 



(CH,)p- 



(wherein o and p are integers of 0 to 5); 
B3 is -0-CO-NR15R15 or -O-CO-R^^ 
wherein R^^; R^^ and R^^ are defined in claim 2 

said the substituted of Ci-6 alkyi is halogen, nitro, amino, N-mono Ci^e alkylamino, N,N-di Ci -6 
45 alkylamino, 4 to 7 membered cyclic amino, Ci-g alkoxy, Cg-io aryloxy. carbamoyl, cyano, hydroxy, 

carboxy, Ci -& alkoxycarbonyl or Ci -& alkylcarbonyl; 

said substituent of phenyl-Ci-e alkyi or naphthyl-Ci -s alkyi is halogen, Ci-s alkyi, Ci -& alkoxy, 
nitro, cyano, hydroxy, Ci-g alkoxycarbonyl, carbamoyl or Ci-s alkylcarbamoyi; 

said substituent of C4-24 aryl is halogen, Ci-s alkyi, Ci-e alkoxy, nitro, cyano, 0x0, hydroxy, 
50 amino, Ci-e alkoxycarbonyl, carbamoyl or Ci-s alkylcarbamoyi; 

the optionally protected amino group of R^ and R^ is amino, acyiamino (wherein the acyl group is 
the same as that of R^^ or tritylamino; and 

the lower alkyoxycarbonyl and lower alkylcarbamoyi of R^ and R^ are Ci-e alkoxycarbonyl and 
C1-6 alkylcarbamoyi respectively. 



19. A compound according to claim 17, wherein X is S or O and is -0-CONHR^^ (wherein R^^ is as 
defined in claim 2). 
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20. A compound according to claim 17 which is 

5-[2-(nnethyIcarbamoyloxy)ethylthio]imida2o[1 .2-a]pyridine, or 
5-[2-[3-(hydroxy)propylcarbamoyloxy]ethylthio]imidaz6[1.2-a]pyridine. 

21. A calmodulin inhibitory composition comprising a compound of the formula (1"*) as defined in claim 17. 
or a pharmaceutically acceptable salt or solvate thereof, and a pharmaceutically acceptable carrier, 
diluent or excipient. 

22. Use of a compound of the formula (!'*') as defined in claim 17, or a pharmaceutically acceptable salt or 
solvate thereof in the preparation of a calmodulin inhibitory composition. 

23. A process for producing a compound according to claim 4 or 1 1 or a salt or solvate thereof which 
comprises; 

reacting a compound of the formula: 



75 



20 



9^" 

X-A- nhrIO 



25 wherein all the symbols are as defined in claim 2 with a compound of the formula Q^-NR^*R^^, G^-CO- 

(O)q-R^^ or G2-S02R'^ wherein is PhO-CO-. G-CO- or G-GS (wherein Ph is a phenyl group and G is 
a halogen), G^ is a halogen or R^^{0)q-CO-0- (wherein q is 0 or 1), q is 0 or 1, G^ is a halogen or 
R^^S020-, and the other symbols are defined in claim 2. 

30 24. A process for producing a compound according to claim 4 or a salt or solvate thereof which comprises; 
reacting a compound of the formula: 



35 




40 



wherein E is a halogen and the other symbols are as defined in claim 4. with a compound of the 
formula HX^-A-B^ wherein is S, O or NR^ and the other substituents are as defined in claim 4, or 
when, X is S or O, reacting a compound of the formula: 
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wherein X^ is S or O and the other symbols are as defined in claim 4 with a compound of the formula 
E'-A-B^ wherein E^ is a leaving group, and the other symbols are as defined in claim 4, or 
when X is S(0) or S(0)2, oxidizing a compound of the formula: 



100 



BNSOOCID:<£P 047:236A1> 



EP 0 471 236 A1 



S-A-B« 



10 



wherein ali the symbols are as defined in claim 4. 

25. A process for producing a compound according to claim 11 or a salt or solvate which comprises 
reacting a compound of the formula: 



75 



20 



25 




wherein E is a halogen and the other symbols are as defined in claim 11. with a compound of the 
formula HX^-A-B^ wherein is S, O or NR^ and the other symbols are as defined in claim 11, or 

when the nitrogen atom of the amino group of forms a ring with a carbon atom of A, reacting a 
compound of the formula: 



30 




35 wherein X^ is S or O and the other symbols are as defined in claim 11 with a compound of the formula 

E^-A-B^ wherein E^ is a leaving group, and the other symbols are as defined in claim 11 or 
when X is S{0) or S(0)2, oxidizing a compound of the formula: 




wherein all the symbols are as defined in claim 1 1. 

50 26. A process for producing a compound according to claim 17 or a salt or solvate thereof which comprises 
reacting a compound of the formula: 



55 



101 



BMSOOCIC>:<EP (M7l236Al> 



EP 0 471 236 A1 



15 



20 




10 wherein the symbols are as defined in claim 17 with a compound of the formula Q^-NR'^R'^ or G^-CO- 

(O)q-R^^ wherein Q\ and q are defined in claim 23, and the other symbols are defined in claim 2, or 
reacting a compound of the formula: 




wherein E is a halogen and the other symbols are as defined in claim 17, with a compound of the 
formula HX^-A-B^ wherein is S, O or NR^ and the other symbols are as defined in claim 17, or 
reacting a compound of the formula: 



25 



30 




35 wherein X^ is S or O and the other symbols are as defined in claim 17 with a compound of the formula 

E^-A-B^ wherein E^ is a leaving group, and the other symbols are defined in claim 17 or 
when X is S(0) or S(0)2, oxidizing a compound of the formula: 



40 
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wher.etn all the symbols are as defined in claim 17. 
50 27. An angiogenesis inhibitory composition comprising a compound of the formula (1): 
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wherein A* is a divalent straight or branched Ci-is hydrocarbon group which may contain ethereal 
oxygen at any possible position and a branched part of the hydrocarbon group may be substituted; 
and R*' are the same or different and are a hydrogen, an optionally substituted hydrocarbon group, a 
halogen, a nitro group, a nitroso group, an optionally protected amino group, a lower alkoxycarbonyl 
group or a lower alkyi carbamoyl group; R*^ is a hydrogen or an optionally substitued hydrocarbon 
- group or may form a ring together with the carbon atom of A; and R'^ is an optionally substituted 
hydrocarbon group, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable 
carrier, diluent or excipient. 

28. An angiogenesis inhibitory composition according to claim 27. wherein 
A' is (a) a group of the formula: 

r5 

. ! I I 

-(C)^-(C)y-(C)2- 

'f "h "i 

R" RJ 

(wherein x. y and z are integers of 0 to 5, respectively; each of R®, R*. R^, R", R' and R^ is (1) a 
hydrogen, or (2) a Ci -6 alkyl. C2-6 alkenyl, which may have 1 to 5 substituents. or (3) phenyl-Ci-6 
alkyI, naphthyl-Ci -5 alkyl, Cs-i4 aryl, or an aromatic monocyclic or bicyclic heterocyclic group 
containing 1 to 4 hetero atoms selected from sulfur, oxygen and nitrogen, which may have 1 to 4 
substituents, or R® and R* or R^ and R^ or R' and R^ may bind together to form C3-8 cycloalkane 
ring, or R® or R^ may bind together with R' or R^ to form C3-8 cycloalkane ring, 

(b) a group of the formula; -CH2CH2OCH2CH2- or 

(c) the formula: 




(CH,)b- 



wherein a and b are integers of 0 to 5, respectively: 

each optionally substituted hydrocarbon group of R® and R^ is a Ci-e alkyl, C2-6 alkenyl. 
phenyl-Ci-6 alkyl, naphthyl-Ci -s alkyl or Ce-i* aryl group, which may have 1 to 4 substituents; 

the lower alkoxycarbonyl and lower alkylcarbamoyi of R^ and R^ are Ci-e alkoxycarbonyl and 
Ci -6 alkylcarbamoyi, respectively; 

the optionally protected amino group of R^ or R'* Is amino or acylamino (wherein the acyl group 
is Ci-6 alkylcarbonyl, C7-io aralkylcarbpnyl, Cs-io arylcarbonyl. Ci -* alkoxycarbonyl. C7-10 
aralkyloxycarbonyl or Cg-io aryloxycarbonyl); 

each optionally substituted hydrocarbon group of R*^ and R*' is Ci-e alkyl, C3-8 cycloalkyi, C2-6 
alkenyl. phenyl-Ci-G alkyl. naphthyl-Ci -s alkyl or Ce-i* aryi, which may have 1 to 5 substituents; 

R*= and R® or R*. or R*= and R^ or R*". or R*^ and R* or Rj may bind together to form 
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wherein Q and R are interger of 2 or 3. respectively; 

said substituent of Ci-e alkyi, C3-S cycloatkyi or C2-6 alkenyl is halogen, nitro, amino, N-mono 
15 Ci-6 alkylamino, N.N-di Ci -s alkylamino. C4-7 cyclic amino, C1-6 alkoxy, phenoxy, 1-naphthoxy, 2- 

naphthoxy, carbamoyl, cyano, hydroxy, carboxy, C1-5 alkoxycarbonyl or Ci-6 alkylcarbamoyi; 

said substitutent of phenyl Ci -s alkyI, naphthyl-Ci -s alkyI or heterocyclic group is halogen, 
Ci-6 alkyt. C2-5 alkenyl, Ci-s alkoxy, nitro, cyano, 0x0, hydroxy, amino, Ci -s alkoxycarbonyl. 
carbamoyl or Ci -s alkylcarbamoyi. 

20 

29. An angiogenesis inhibitory composition according to claim 27. wherein A* is ethylene, R*^ is hydrogen 
■ and R^ is Ci-e alkyI or C2-6 alkenyl. 

30. An angiogenesis inhibitory composition according to claim 27, wherein the compound is 
25 5-[2-(isopropyloxycarbonylamino)ethylthio]imidazo[1 ,2-a]pyridine. 

5-[2-(ethoxycarbonylamino)ethylthio]imida20[1 ,2-a]pyridine, 
5-[2-(methoxycarbonylamino)ethylthio]imidazo[1,2-a]pyridine, 
5-[2-(propyloxycarbonylamino)ethylthio]imida20[1 .2-a]pyridine. or 
5-[2-(allyloxycarbonylamino)ethylthio]imida20[1 ,2-a]pyridine. 

30 

31. Use of a compound of the formula (1) as defined in claim 27 or a pharmaceutically. acceptable salt or 
solvate thereof in the prepartion of an angiogenesis inhibitory composition. 
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